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t.O Introduction 

Under the authority of the Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 (CERCLA), as amended, 42 United 
States Code (U.S.C.) §§ 9601 to 9675 (CERCLA), the New Mexico Environment 
Department (NMED), Superfund Oversight Section (SOS) conducted a 
Preliminary Assessment (PA) of the Ambrosia Lake - F'hillips Mill (site), McKinley 
County, New Mexico, CERCLIS ID#: NMN000606875 (Figure 1). 

The objective of the PA is to evaluate the site using the Hazard Ranking System 
(Ref. 1) and the Superfund Chemical Data Matrix (SCDM) (Ref. 2) to determine if 
a threat to human health and the environment exists such that further action 
under CERCLA is warranted. 

This PA of the Ambrosia Lake - Phillips Mill is also performed as part of SOS 
evaluation of environmental impacts of legacy uranium mining and milling 
activities in the San Mateo Creek drainage basin and the alluvial aquifer. This 
PA evaluates the threat to human health and the environmental impacts from the 
Ambrosia Lake - Phillips Mill has on the Ambrosia Lake valley but also the San 
Mateo Creek alluvial aquifer and ground water in the San Mateo Creek Basin. 

2.0 Site Information 

2.1 Location and'description 

The site is located approximately 16 miles north/northeast of Milan; New Mexico 
and 5 miles north of the intersection of state highway 605 and 509 (Figure 2). 
The geographical coordinates for the site are approximately N 35° 24' 07" and W 
-107° 48' 19" with an elevation of 6,956 feet above sea level (Ref. 3). 

The site is approximately 1 mile east of state highway 509. Access to the site is 
by an unmarked dirt road off of the highway. Vehicle access is limited to the site 
due to a locked gate at the entrance of the dirt road controlled by Quivira Mining 
Company (QMC) and the United States Department of Energy (DOE) (Ref. 4). 
The site represents the area where the Ambrosia Lake - Phillips Mill once 
operated. The surface area was remediated by the DOE under Title 1 of the 
Uranium Mill and Tailings Radiation Control Act (UMTRCA) of 1978 (Ref. 5). The 
site, covers approximately 290 acres of which 91 acres is an above ground 
disposal cell (original mill tailings pile) where identified contaminated materials 
are consolidated and encapsulated (Ref. 5) (Figure 3). Contaminated materials 
include the radioactive mill tailings, soils (on and off site) and demolition rubble 
(Ref. 4). The disposal cell is covered with an engineered soil cap designed to 
reduce migration of radon gas and water infiltration (Ref. 4). Adjacent to the 
disposal cell, non-contaminated demolition rubble is buried in the ground (Ref. 4). 

The site is located in the elongated Ambrosia Lake valley that grades from north 
to south. The valley is relatively flat and surrounded by elongated mesas (Ref. 
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6). The landscape supports desert shrub vegetation, a mixture of shrubs 
(fourwing saltbush and winterfat) and grasses (Galleta, Indian ricegrass and 
bottlebrush squirreltail) (Ref. 7). The climate in the Ambrosia Lake valley is 
classified as semi-arid with an average annual precipitation of approximately 11 
inches per year (Ref. 6). Approximately half of all precipitation occurres in July, 
August and September in the form of high intensity, convective thunderstorms 
(Ref. 7). The predominant precipitation in the winter months is in the form of light 
snow (Ref. 7). The mean annual lake evaporation in the area is 54 inches (Ref. 
8). Most of the annual evaporation occurs during the months of May through 
October (Ref. 8). 

The primary land use in the valley is grazing but at one time uranium mining and 
milling activities dominated (Ref. 6). The Ambrosia Lake valley at one time 
contained two uranium mills and 27 underground uranium mines (Ref. 9). The 
vast majority of mines and mills were active from the late 1950's to the early 
1980's (Ref. 6). 

The entire Ambrosia Lake valley, including the site is drained by the Arroyo del 
Puerto and its tributaries. Arroyo del Puerto is an ephemeral drainage, 
approximately one mile west of the site (Ref. 10). The arroyo drains this valley to 
the south where it then flows into San Mateo Creek (Ref. 9). 

The Arroyo del Puerto drainage basin is a sub-basin of the larger San Mateo 
Creek drainage basin. The San Mateo Creek drainage basin (HUC 1302020703) 
comprises approximately 321 square miles within the Rio San Jose drainage 
basin (Ref. 9). The San Mateo Creek drainage basin includes 85 legacy uranium 
mines and 4 legacy mill sites that may have contributed to degradation of ground 
water quality within this basin (Ref 9). This PA of the Ambrosia Lake - Phillips 
Mill is performed as part of the New Mexico Superfund Oversight Sections 
examination of legacy uranium mining and milling activities in the San Mateo 
Creek Basin. 

2.2 Operational History and Ownership 

Phillips Petroleum Company operated the uranium mill from 1958 through 1963 
(Ref. 5). The mill used an alkaline pressure leach process to extract uranium 
from ore (Ref. 4). During those five years of operation, 3 million tons of 
radioactive tailings were created and stored on site. The mill was purchased by 
United Nuclear Corporation (UNC) in 1963 (Ref. 5). All milling ceased in 1963 
(Ref. 5). In the 1970's, UNC used portions of the mill site as a ion exchange 
facility to extract uranium from mine water until 1982 (Ref. 5). 

Title 1 of the UMTRCA of 1978 authorized the DOE to remediate identified 
uranium mill sites to prevent or minimize environmental hazards for the 
protection of the public health, safety and welfare (Ref. 11). As required by 
UMTRCA of 1978, the Environmental Protection Agency (EPA) promulgated 
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environmental standards that required DOE to provide long term stabilization of 
residual radioactive material, control radon releases to air and protect water (Ref. 
12). DOE remediated the site between 1987 and 1995 (Ref. 5). Remediation at 
the site consisted of consolidating and encapsulating all residual radioactive 
contaminated material on site in an engineered disposal cell. The disposal cell 
occupies 91 acres of the 290-acre site (Ref. 5). The State of New Mexico held 
title to land during cleanup activities as required. DOE currently is the owner of 
the site and is responsible for long term care (Ref. 4). 

2.3 Regulatory History 

DOE remediated surface impacts at the site under Title 1 of UMTRCA 1978 (Ref. 
5). Remedial work was conducted at the site from 1987 through 1995 (Ref. 4). 
Long term sijrveillanbe of the disposal site is responsibility of DOE (Ref. 4). 
Yearly inspections of the site are conducted by DOE (Ref. 4). Surface 
inspections include any notable changes to the surface area of the site including 
significant erosion, damage to fences and signage to the site. The disposal cell 
is inspected for changes to the cap that can include vegetative growth, erosion, 
settlement and seepage at the base. No ground water remediation or monitoring 
is required at the site due to the determination by DOE that the upper aquifer 
(alluvial/weathered Mancos Shale/Tres Hermanos-C) under the disposal site is of 
limited use (Ref. 8). Limited use ground water is defined as ground water that is 
not a current or potential source of drinking water because the quantity of water 
reasonably available for sustained continuous use is less than 150 gallons per 
day (Ref. 12). Due to the above determination by DOE and concurrence from 
the Nuclear Regulatory Commission (NRC), DOE was not required nor did they 
propose or implement a long term monitoring strategy or ground water 
compliance plan for the site (Ref. 13). The New Mexico Water Quality Control 
Commission (NMWQCC) protects all ground water of 10,000 milligrams per liter 
total dissolved solids (TDS) concentration or less. Due to objections from NMED, 
two monitor wells are still sampled every three years as a best management 
practice for the purposes of monitoring the disposal cell performance (Ref. 13). 
Ground water quality in the uppermost aquifer downgradient the disposal cell 
continues to exceed federal maximum contaminate levels (MCLs) and state 
ground water standards for several water quality parameters (uranium, 
molybdenum, selenium, sulfate and nitrate) from seepage from the disposal cell 
(Tablet). 

2.4 Previous Environmental Investigation 

DOE under Title 1 of UMTRCA 1978 was required to cleanup inactive uranium 
mill sites such as this site (Ref. 11). DOE remediated these sites in accordance 
with environmental standards promulgated by the EPA in Title 40 CFR Part 192 
(Ref 12). 
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As part of the cleanup, DOE performed several studies and prepared documents. 
The documents include; Environmental Assessment (EA) (1985) (Ref. 6), 
Remedial Action Plan and Site Stabilization Design Volume I and II (1991) (Ref. 
8 and Ref. 20), the Long Term Surveillance document (1998) (Ref. 4) and the 
Ground Water Compliance Action Plan (1998) (Ref. 13). Annual inspection 
reports have been developed since 1999 and ground water sampling reports are 
developed every three years starting in 2001. 

In 1968. the earliest study of the Ambrosia Lake valley was published by the New 
Mexico Office of the State Engineer. The report is titled "Geology and Ground 
Water Occurrence in Southeastern McKinley County, New Mexico." It provides 
the earliest view of ground water resources and their use in the Ambrosia Lake 
valley. The study provides some ground water quality data prior to beginning of 
uranium mining in the Ambrosia Lake valley which indicate the Westwater 
Canyon to be the principle aquifer in the Ambrosia Lake valley with fair to good 
ground water quality for domestic use (Ref. 14). 

In 1975, at the request of NMED, EPA Region 6 implemented a study of the 
uranium mining and milling activities of the Grants Uranium Belt which includes 
the Ambrosia Lake valley to determine the impact of these activities on surface 
and ground water in the area. The stuciy details contamination from uranium 
mining and milling activities of the surface water and ground water resources in 
the Grants Mineral Belt, New Mexico (Ref. 15). 

In 1977, Los Alamos Scientific Laboratory published a study titled "Geology and 
Hydrology in the Vicinity of the Inactive Uranium Mill Tailings Pile, Ambrosia 
Lake, New Mexico." The study examined the geology and hydrology of the 
immediate area around the inactive Phillips mill tailings pile. Included in the 
study was the investigation of the major transport mechanisms of the tailings and 
possible contaminants from the pile that included wind erosion, surface water 
runoff, movement of ground water beneath the pile and gaseous diffusion from 
the pile. The study concluded that some seepage from the tailing pile into 
alluvium ground is on-going and that the transport of tailings by wind and storm 
water is a concern to the surrounding environment (Ref. 16). 

In 1979, Robert Brod's thesis titled "Hydrogeology and water resources of the 
Ambrosia Lake - San Mateo Area McKinley and Valencia Counties, New Mexico 
was submitted to New Mexico Institute of Mining and Technology. The thesis 
examined the ground water resources and the effects of uranium mining and 
milling on the ground water system in the Ambrosia Lake valley (Ref. 17). 

In 1980, New Mexico Environmental Improvement Division (predecessor of 
NMED) published a report titled "Water Quality Data for Discharges from New 
Mexico Uranium Mines and Mills" which provided data obtained from samples 
collected in 1977, 1978 and 1979. Mines and mills were not required to treat 
water until the mid 1970s. The study examined mine water treatment practices 
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and there effectiveness. Water treatments reduced radionuclides but were 
ineffective in reducing metal such as uranium, selenium and molybdenum. 
Discharges from mines and mills were sampled in the Ambrosia Lake valley (Ref. 
18). 

In 1986, NMED produced a study titled "Impacts of Uranium Mining on Surface 
and Shallow Ground Waters Grants Mineral Belt, New Mexico." This study 
examined the impacts that mine dewatering and milling discharges had on j 
surface water and alluvium ground water in the Arroyo del Puerto and-San Mateo 
Creek. The study concluded that these discharges in the Ambrosia Lake valley 
had contaminated alluvium ground water for use in irrigation, livestock watering 
and domestic supply because of elevated concentrations of molybdenum, 
selenium and gross alpha activity (Ref 19). 

3.0 Site Investigation 

3.1 Source/Waste Characteristics 

The primary waste source identified at the site is the disposal cell (Figure 3). 
The disposal cell contains all identified radioactive contaminates from the 
remediation of the site including tailings, windblown and waterborne surface soil 
and building rubble. The main tailings pile was stabilized in place with other 
contaminated materials incorporated into the pile. In total, the disposal cell 
contains 5.2 million cubic yards (yds^) of radioactive materials of which includes 
2.7 million yds^ of tailings, 1.1 million yds^ of contaminated material including soil, 
and 1.4 million yds^ of building rubble (Ref. 4). The contaminated material and 
soil includes, 277,000 yds^ from the mill yard, ore storage area and the adjacent 
Ann Lee mine area; 151,000 yds^ from the protore storage and leach pad areas; 
and 664,000 yds^ of contaminated soil from the surrounding area (Ref 20). It 
should be noted that UNC used 0.36 million.tons of tailings from the site to 
backfill the main shaft at the adjacent Ann Lee mine (Ref 4). 

The disposal cell covers an area of approximately 91 acres that measures 2,500 
feet by 1,600 feet. The pile rises above the surrounding terrain by approximately 
50 feet. The cover consists of a 30-inch radon/infiltration barrier comprised of 
weathered mancos shale material from a borrow source one mile north of the 
site. Over the radon barrier is a six inch thick granular bedding material (capillary 
zone). The outer material is a rock rip rap material for erosion protection with six 
inches on top of the pile and 12 inches on the side slopes (Ref. 4). 

The radon barrier is to reduce radon migration from the pile to less than 20 pico-
curies per meter^ per second (pCi/M^/S). The radon barrier is also considered an 
infiltration barrier which is designed to minimize the rate of water infiltration into 
the tailings (Ref. 4), 
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3.1.1 Source/Waste Description 

During the milling process from 1958 to 1963, 3 million yds^ of tailings were 
created from the uranium ore (Ref. 20). It was estimated that for every 1 yd^ of 
tailings from the milling process up to five tons of waste water were produced. In 
the five years of milling up to 11,038 acre feet of waste water (3.6 billion gallons) 
was discharged onto the tailings pile (Ref. 4). UNC later operated an Ion 
Exchange (IX) plant at the site that removed uranium from mine water. Mine 
water from three nearby mines was collected in a pond near the IX plant. This 
water was recirculated back into the mines after running through the IX plant 
(Ref. 18 ). The saturation of the alluvium in the area of the site is related to the 
mine water discharged from the adjacent Ann Lee mine, the infiltration of water 
from the unlined mill process (makeup) ponds and pore fluids infiltrating from the 
tailings pile (Ref. 4). 

DOE determined that the hazardous constituents within the tailings pore fluids 
were mostly metal and metalloid elements associated with the uranium milling 
process. Concentrations of arsenic, barium, cadmium, lead, molybdenum, 
nitrate, selenium, silver, uranium and activities of gross alpha, radium-226 and -
228 exceeded the maximum concentration limits (MCLs) established by the EPA 
in tailings pore fluid samples collected from lysimeters or well points (Ref. 8). 
Antimony, cobalt, copper, cyanide, fluoride, nickel, tin, vanadium and zinc are 
inorganic hazardous constituents were present in tailings pore fluid at 
concentrations higher than the laboratory method detection limit. No organic 
hazardous constituents were above laboratory method detection limits (Ref. 8). 

Ground water monitoring wells sampled during DOE's site investigation of the 
Ambrosia Lake tailings pile identified chromium, molybdenum, nitrate, lead, 
selenium, silver, uranium and radium-226 and -228 and gross alpha in the 
saturated alluvium beneath the tailings pile that exceeded the EPA MCL's (Ref. 
8). 

3.2 Ground Water Pathway 

3.2.1 Hydrogeology 

The following hydrostratagraphic units are found under the site in descending 
order: alluvium (Quarternary), weathered Mancos Shale (Cretaceous), Tres 
Hermanos Sandstones of the lower Mancos Shale (Crestaceous), the Dakota 
Sandstone (Crestaceous), and the Westwater Canyon Member of the Morrison 
Formation (Jurassic) (Ref. 8) (Figure 4). 

The alluvium aquifer was reported to contain minor amounts of water prior to 
mining in the Ambrosia Lake valley (Ref. 14). There were no known wells in the 
alluvial aquifer before uranium mining began in the Ambrosia Lake valley in the 
late 1950's (Ref. 14). In the Ambrosia Lake valley it was estimated that between 
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10 and 17 million gallons per day of ground water was pumped to dewater-mines 
from the late 1950's through 1980 in the Ambrosia Lake valley (Ref. 18). Much 
of this mine water was discharged to the Arroyo del Puerto or its tributaries 
making it a perennial stream (Ref. 20). This perennial flow continued several 
miles past the confluence with San Mateo Creek (Ref. 15). Considerable 
infiltration and recharge from this water into the alluvium would occur along the 
arroyo bed due to the coarser materials (Ref. 19). At the site, the alluvial aquifer 
was reported to be saturated in the area of the disposal cell artificially due to past 
discharges from milling activities, seepage from the tailings pile and mine 
dewatering in the area (Ref. 8). 

The alluvium under the disposal cell at the site is identified as several feet thick 
along the eastern edge and dipping to 60 feet thick along the western edge (Ref. 
8). Groundwater flow in the alluvium under the disposal site is to the southwest 
toward the Arroyo del Puerto (Ref. 8). At the time of DOE's site investigation in 
the late 80's, monitoring wells placed in the alluvium showed the aquifer to be 
saturated in the local vicinity of the tailings pile (Ref. 8). The extent of the 
saturation in the alluvium southwest of the site toward the Arroyo del Puerto was 
not fully investigated. Contractors investigating the Rio Algom Uranium mill, one 
mile to the west of the site along the Arroyo del Puerto identified a paleochannel 
in the deeper alluvium along the western edge of the Phillips Mill disposal cell 
(Ref. 21) (Figure 5). This incised paleochannel trending southwest would make it 
a tributary to the main paleochannel of the Arroyo del Puerto (Ref. 21). These 
alluvium filled incised channels create an under drain for the valley (Ref. 21). 
Alluvial thickness of 100 feet was reported near the Arroyo del Puerto (Ref. 21). 
The paleochannel would provide a groundwater pathway in the alluvium from the 
site to the alluvium under Arroyo del Puerto (Ref. 21). . 

The alluvium deposited along the surface of the eroded weathered Mancos 
Shale, dips in the direction of the surface topography, to the south and southwest 
(Ref. 8). Conversely, the bedrock units below the alluvium follow the regional dip 
to the northeast (Ref. 8) (Figure 3). The Tres Hermanos Sandstones below the 
disposal site consists of three units, in descending order they are the Tres 
Hermanos C, B and A (Ref 8). The Tres Hermanos C Sandstone is spilt into two 
units the Tres Hermanos CI and C2 units (Ref. 8). All Tres Hermanos 
Sandstone units are separated by strata of Mancos Shale (Ref. 8). Mancos 
Shale subcrops in the alluvium under the eastern edge of the disposal cell and 
the Tres Hermanos-C subcrops under the alluvium along the western edge of the 
disposal cell (Ref. 8). The Tres-Hermanos-B subcrops in the alluvium under the 
Arroyo del Puerto west of the site (Ref. 8) (Figure 3). Groundwater flow in the 
bedrock below the disposal site flows to the northeast following the regional dip. 
Because the topography slopes to the southwest, progressively older bedrock 
formations subcrop beneath the alluvium in this direction (Ref. 8). Further to the 
south the alluvium under the Arroyo del Puerto is up to 100 feet thick and is in 
contact with subcrops of the Dakota sandstone and the Morrison Formation (Ref. 
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17). Ground water in the alluvial aquifer can recharge these bedrock units as 
they subcrop along the alluvium (Ref. 17) (Figure 3). 

The Westwater Canyon member is described as the principle aquifer in the 
Ambrosia Lake valley (Ref. 14). The Westwater Canyon aquifer was described 
as producing adequate water for domestic, livestock and industrial uses and is 
described as good to fair in quality (Ref. 14). The Westwater Canyon member is 
also the main formation in which the uranium ore was mined from in the 
Ambrosia Lake valley (Ref. 14). The uranium mines in this area had to dewater 
creating a cone of depression in the Ambrosia Lake valley down through the 
Westwater Canyon member (Ref. 22). 

3.2.2 Ground Water Quality 

There is some data available to identify pre-mining ground water quality in the 
Ambrosia Lake valley (Ref. 14). The data available suggests that the West Water 
aquifer was of fair to good quality (Ref. 14). There were no known wells in the 
alluvial aquifer before uranium mining began in the Ambrosia Lake valley in the 
late 1950's (Ref. 8 and Ref. 14). 

Studies by NMED and EPA concluded mine dewatering effluents and milling 
seepage adversely affected surface water chemistry and caused contamination 
of the shallow alluvial aquifer from the Ambrosia Lake area downgradient into 
San Mateo Creek (Ref. 19 and Ref. 15). Uranium mining and milling impacts on 
the degradation of alluvial ground water was pronounced in the Ambrosia Lake 
valley. This was due to the large amounts of mine water discharged to the 
Arroyo del Puerto, the poor quality of discharged water and the hydrogeologic 
conditions along Ambrosia Lake drainages resulting in relatively rapid infiltration 
rates (Ref. 19). Raw uranium mine waters in the Ambrosia Lake valley contain 
elevated concentrations of radionuclides, uranium, selenium, molybdenum and 
sulfate (Ref 19). Other elevated concentrations occasionally detected are 
barium, arsenic and vanadium. Treatment of raw mine waters did not begin until 
the mid 1970's but this treatment only reduced radionuclides. The other 
contaminants were not affectively treated (Ref. 19). 

The hydrostatic units identified by DOE to be impacted by seepage from the site 
are the alluvium/weathered Mancos Shale and Tres Hermanos-C (Ref. 20). 
Sampling data from the site shows that ground water downgradient of the 
disposal cell continues to exceed both EPA MCLs and New Mexico ground water 
standards (Table 1). DOE also identified a pathway for contaminated ground 
water under the site to migrate through the Tres Hermanos sandstones, down 
mine shafts and vent holes into the Westwater Canyon aquifer that has 
contributed to the contamination of this aquifer (Ref. 4). Ground water in the 
Westwater Canyon member has been found to exceed the EPA MCLs for 
cadmium, chromium, lead, molybdenum, selenium, silver, uranium and activities 
of radium 226, radium 228 and gross alpha (Ref 20). 
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Mine dewatering activities have ceased in the Ambrosia Lake valley. Ground 
water levels are recovering as ground water migrates back into the dewatered 
areas. Estimates of the time required to depressurize the regional cone of 
depression range from, several hundred to several thousand years (Ref. 22). 
Recent ground water samples taken from the West Water Canyon aquifer from 
mine vents at the nearby Section 27 mine continues to exceed EPA MCLs for 
uranium and radium-226 (Ref. 22). 

3.2.3 Ground Water Targets 

No domestic wells were identified within a 4-mile radius of the site based on the 
New Mexico Office of the State Engineer database (Ref. 23) (Figure 6). The ^ 
2000 US Census identified a total of 8 people living in a 4-mile radius of the site 
(Ref. 24). Two ranch headquarters (Harris and Berryhill) are the only two known 
residences identified in the four mile radius of the site (Ref. 8). The Berryhill 
Ranch well was in the Westwater Canyon aquifer but went dry due to mine 
dewatering activities in the 1970s (Ref. 8). Domestic water to this ranch was and 
still is supplied by pipeline from a supply well at the nearby Quivira Mine No. 17 
(Ref. 8). The Harris ranch headquarters receives water from a stock well in the 
San Andres limestone at a depth greater than 3,000 feet (Ref. 8). No sampling 
data has been identified for either well. For purposes of this PA, there a total of. 
eight people deriving domestic water from two wells in a 4-mile radius of this site. 

During the mining and milling activity it was estimated that over two hundred 
people lived in the Ambrosia Lake valley (Ref. 14). Certainly the population is 
greatly diminished with the mines and mills closed. Most of the wells in the 
Ambrosia Lake valley have been plugged or are no longer in use (Ref. 8). A 
series of dwellings and seven domestic wells exist to the south at the intersection 
of state highway 509 and 605 but all are outside the four mile radius of the mill 
(Figure 6). 

The Westwater Canyon member is described as the principle aquifer in the 
Ambrosia Lake valley producing adequate water for domestic, livestock and 
industrial uses (Ref. 14). Legacy mining and milling activities in the Ambrosia 
Lake valley has substantially degraded water quality and reduced the quantity of 
ground water resources (Ref. 8). Further investigation is required to determine 
potential impacts from the mill site to the Westwater Canyon member and ground 
water in the San Mateo Creek Basin. 

3.3 Surface Water Pathway 

3.3.1 Hydrology 

The watershed above the site and disposal cell covers an area of 3.14 square 
miles (Ref. 8). Two ephemeral channels will carry runoff toward the disposal cell 
Ambrosia Lake - Phillips Mill, Preliminary Assessment 11 
CERCLIS ID# NMN000806875 
March, 2009 



from an area northwest of the site on Roman Hill on San Mateo Mesa (Ref. 8). 
These channels above the site will flow only in response to local precipitation 
events. 

All drainage channels in the Ambrosia Lake valley were ephemeral including the 
Arroyo del Puerto prior to the mining and milling activities. It was estimated that 
between 10 and 17 million gallons per day of ground water was pumped to 
dewater mines from the late 1950's through 1980 in the Ambrosia Lake valley 
(Ref. 18). Much of this water was directly discharged to Arroyo del Puerto and its 
tributaries (Ref. 14). It was not until the mid 1970's that mines started 
impounding and treating this mine water before discharging to the Arroyo del 
Puerto and its tributaries (Ref. 19). Measurements from 1979 through 1982 
estimated flows of 3.3 million gallons per day in Arroyo del Puerto due mine 
dewatering discharges (Ref. 19). Discharges to the Arroyo del Puerto were 
probably much greater prior to the mines treating this water. These discharges 
made the Arroyo del Puerto a perennial stream carrying water past the 
confluence with San Mateo Creek several miles where the remaining flow would 
infiltrate the surface (Ref. 15). With mine dewatering discontinued, the Arroyo 
del Puerto and its tributaries have returned to its pre-mining condition as an 
ephemeral drainage. They flow only in response to local precipitation events. 

DOES site, investigation determined that some waste water from the mill and 
mine dewatering was probably discharged to Voght tank, a surface water 
catchment to the southeast of the site and tributary to Arroyo del Puerto (Ref. 4). 
A 6,000 foot canal connected the site to the Voght Tank (Ref. 8). Similar canals 
from mines located near the mill led to Voght Tank (Ref. 8). Any volumes of 
waste water from the mill discharged to Voght Tank remains unknown (Ref. 8). 

3.3.2 Surface Water Quality 

Surface water samples collected in the 1970's and 1980's showed that the water 
quality in Arroyo del Puerto exceeded water quality standards for livestock 
watering (Ref. 19). It is unknown whether surface water was ever used for 
domestic drinking water. 

There is no known recent sampling data from surface water catchments in Arroyo 
del Puerto and its tributaries, such as Voght tank (Figure 1). It is unknown that 
surface water contained there meets standards for livestock watering and wildlife 
habitat. 

DOE in its remedial activities of the site, investigated the canal from the stand 
point of radioactive soil but did not investigate the water quality of Voght Tank. 
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3.3.3 Surface Water Targets 

Potential targets would include livestock and wildlife that utilize surface water in 
these catchments. Other potential targets could be recreational users of water in 
these catchriients. Access to Voght Tank is limited but other catchments 
downgradient along Arroyo del Puerto may be accessed (Figure 2). 

3.4 Soil Exposure Pathway 

DOE identified radioactive soil due to windborne and water runoff from the 
tailings impoundment and mill site. DOE surface remedial activities identified 
approximately 644,000 cubic yards of contaminated soils to be excavated and 
encapsulated into the disposal cell. Soils were removed from the site property 
and extending over 230 acres into surrounding properties. Soils were screened 
both vertically and horizontally. The criterion used for removal and encapsulation 
was soils exceeding 5 pCi/g Radium-266 (Ref. 8). 

3.5 Air Pathway 

This pathway was not examined during this PA. Eight residents are identified 
within a four mile radius of the Site and a historic distribution of wind borne 
contaminates has been documented. The nearest residence is within a three 
mile radius of the site 

4.0 Summary and Conclusion 

Seepage from the tailings and disposal cell has and continues to release 
contaminates to the alluvium aquifer. There is evidence that this site had the 
potential to contribute to the contamination of the alluvium aquifer along the 
Arroyo del Puerto and on into San Mateo Creek. Prior investigations have found 
that this site has released and contributed to the contamination of the Westwater 
Canyon aquifer. Monitoring data continues to show that the alluvium and the 
Tres Hermanos B ground water downgradient of the disposal cell of this site 
continues to exceed EPA MCLs and New Mexico state ground water standards 
for uranium, molybdenum, selenium, nitrate and sulfate (Table 1). 

The previous period of uranium mining and milling activity stimulated the 
temporary development of the Ambrosia Lake valley and substantially degraded 
water quality and reduced the quantity of ground water resources (Ref. 8). 

Ambrosia Lake - Phillips Mill is listed as a Title 1 inactive uranium mill in 
UMTRCA of 1978 under Section 102(a) (Ref. 11). CERCLA, Section 101, 
Paragraph 22 (C) has identified those sites listed in UMTRCA of 1978 in Section 
102(a) as exempt from further removal actions under CERCLA, Section 104 (Ref. 
CERCLA). Based on this, further investigation of this site is warranted to 
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determine the extent of ground water contamination from the site. Further 
investigation of the Ambrosia Lake - Phillips Mill should evaluate: 

• The West Water Canyon aquifer. 
• The alluvial ground water along the, Arroyo del Puerto. 
• Metal concentrations of surface soils in the area surrounding the Phillips 

Sediments down^gradient of the Phillips Mill for metals and radionuclides. 
Surface water quality of catchments dovyn-gradient of the Phillips Mill such 
as Voght Tank for metals and radionuclides. 
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=lgure 2. Ambrosia Lake Valley (Ref. 31) 

Ambrosia Lake - Phillips Mill Site 
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Figure 5. Paleochannel under the Disposal Cell, Ambrosia Lake - Phillips 
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TABLES 



Table 1. Summary of Post Remediation Ground Water Sampling at the 

Ambrosia Lake - Phillips Mill Site (Ref. 12, 26, 27, 28, 29, 30) 

Aquifer Sampled 
Well Sampled 

ANALYTE 

Uranium*** 
Selenium*** 
Molybdenu 
m*** 

Sulfate 
Nitrate 

EPA 
MOLs/NMWQ 
0 0 Ground 
Water 
Standards 

mq/L H ^ H ' 
0.03/0.03 
0.01*/0.05 

0.1*/1.0** 

mg/L IIH 
250/600 
10/10 

^̂ ••̂ .̂ ^̂  
pH 

Specific 
Oond. 

6.00 - 9.00 

pniMi 
NS 

Alluvium 
MW-675 

2001 

mg/L 
3.17 
0.43 

3.92 
".ms/L 
4,040 
42 

2004 

mg/L 
1.10 
0.66 

0.60 
mg/L 
3,200 
50 

. .d^^^^HI»_ 
6.72 
uOhms/ 
cQiaHik 

7,000 

7.02 
uOhms/ 
cm 

6,555 

2007 

mg/L 
0.27 
0.86 

0.12 
mg/L 
3,200 
66 

7.51 
uOhms/ 
cm 

5660 

Tres Hermanos-B 
MW-678 

2001 

mg/L 
0.07 
0.17 

0.023 
mg/L 
7,340 
479 

2004 

mg/L 
0.057 
0.230 

0.012 
mg/L 
6,800 
520 

2007 

mg/L 
0.053 
0.12 

0.006 
mg/L 
8,200 
390 

H^I^^^^^^^^B^ 
7.26 
uOhms/ 
cm 

14,280 

7.29 
uOhms/ 
cm 

13,580 

7.24 
uOhms/Jl 

cm I 

14,318 
Legend: 
* 40 OFR Part 192 Subpart A, Table 1. Maximum Concentration of Constituents for Ground 
Water Protection. 
** Irrigation Standard 
*** Results for metals are in the dissolved phase. 
Nitrate = Nitrate + Nitrite as Nitrogen 
Bold results are above standards. 
NS - No Standard 
MCL - Maximum Contaminant Level. 
NMWQCC - New Mexico Water Quality Control Commission. 
mg/L - milligrams per Liter. 
s.u. - standard units. 
uOhms/cm - mirco ohms per centimeter. 
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i 

Federal RegstCT / Vol. 55. No. 241. /Fr iday . December 14. 1990 / Rules and Regulations 

-Wheff measured monthly 
evapotranspiration is not available, 
calcnilate monthly potential 
evapotranspiration [£,) as follows: . 
E^sCeFitlOTi/r)" 
where: 
Ei=MoziMy potential 

evapotranspiration (inches) for 
month i. 

Fi=Month]y latitude adjusting value 
for month i. 

Ti-=Mean monthly temperature (°C) 
for mondi i. 

12 
1= £(Ti/S)»-»» 

i = l 

a =6.75 XIO'' P - 7 . n X10"* P-(-
1.79X10-^1+0.49239 

Select the latitude adjusting value for each 
month from Table 3-3. For latitudes lower 
than 50° North or 20° South, determine the 
monthly latitude adjusting value by 
interpolation. 

o C âlcnilate monthly net precipitation by 
subtracting monthly evapotranspiration. (or 

jnonthly potential evapotranspiration) from 
monthly precipitation. If evapotranspiration 
(or potential evapotranspiration) exceeds 
precipitation for a month, assign that month a 
net precipitation value of 0. 

o Calculate the aimual net precipitation by 
summing the monthly net precipitation 
values. 

> Based on the annual net precipitation, 
assign a net precipitation factor value from 
Table 3 ^ . 

Enter the value assigned from Figure 3-2 or 
from Table 3-4, as appropriate, in Table 3-1. 

TABLE 3-3.—MONTHLY LATtruoE ADJUSTING VALUES* 

Latitude" 
(degrees) 

>SON 
45 N 
40 N 

. 35 N 
30 N 
2 0 N 
10 N 

0 
10 S 
20 S 

Month 

Jan. 

0.74 
0.80 
0.84 
0.87 
0.90 
055 
1.00 
1.04 
1.08 
.1.14 

Feb. 

0.78 
0.81 
0.83 
0.85 
0.87 
0L90 
031 
0.94 
0.97 
0.99 

March 

1.02 
1.02 
1.03 
1.03 
1.03 
1.03 
1.03 
1.04 
1.05 
1.05 

April 

1.15 
1.13 
1.11 
1.09 
1.08 
1.05 
1.03 
1.01 
0.99 
0.97 

May 

1J3 
1.28 
1.24 
1.21 
1.18 
1.13 
1.08 
1.04 
1.00 
0.96 

June 

1.36 
^ 2 ^ 
1.25 
1.21 
1.17 
1.11 
1.06 
1.01 
0.96 
0.91 

July 

1.37 
1J1 
1.27 
1.23 
1.20 
1.14 
1.0iB 
1.04 
1.00 
0.95 

August 

1.25 
1.21 
1.18 
1.16 
1.14 
1.11 
1.07 
^ M 
1.02 
0.99 

Sept. 

1.06 
1.04 
1.04 
1.03 
1.03 
1.02 
1.02 
1.01 
1.00 
1.00 

Oct. 

0.92 
0.94 
0.96 
0.97 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 

Now. 

0.76 
0.79 
0.83 
0.89 
0.B9 
0.93 
0.98 
1.01 
1.05 
1.09 

Dec. 

0.70 
0.75 
0.81 
0.85 
0.88 
0.94 
0.99 
1.04 

. 1.09 
1.15 

14 * Do not round to nearest integer. 
" For unlisted latitudes lower tttan SO' North or 20* South, datennine the lafitude ai^usling value by wtfmpoUHion. 

[• 
TABLE 3-4.—NET PRECIPITATION FACTOR 

VALUES 

ij 

p 
m 

Net precipitation Cnches) 

0 
Greater ttian 0 to 5 .. . . 
"Greater ttwn 5 to 15 _ 
Greater Ihan 1510 30 . .. _.. . 
rtroat"' t*i?n -•'0 

Assigned 
value 

0 
1 

" 3 " 
6 
10 

3.1.2.3 Depth to aquifer. Evaluate depth 
to aquifer by determining the depth from the 
lowest known point of hazardous substances 
at a site to the top of the aquifer being 
evaluated, considering ail layers in that 
interval. Measure the depth to an aquifer as 
the distance from the surface to the top of the 
aquifer minus the distance from the $tuface 
to the lowest known point of hazardous 
substances eligible to be evaluated for that 
aquifer. In evaluating depth to aquifer in 
karst terrain, assign a thickness of 0 feet to a. 
karst aquifer that underlies any portion of the 
sources at the site. Based on the calculated 
depth, assign a value from Table 3-5 to the 
depth to aquifer factor. 

Determine the deptii to aquifer only at 
locations within 2 miles of tiie sources at the 
site..except; if observed ground water 

contamination attributable to sources at the 
site extends more than 2 miles beyond these 
sources, use any location within the limits of 
this observed ground water contamination 
when evaluating the depth to aquifer factor 
for any aquifer that does not have an 
observed release. If the necessary geologic 
information is available at multiple locations, 
calculate the depth to aquifer at each 
location. Use the location having the smallest 
depth to assign the factor value. Enter this 
value in Table 3-i. 

TABLE 3-5.—DEPTH TO AQUIFER FACTTOB 

VALUES 

Depth to aquifer" (feet) 

Less than of equal tb 25 
Greater than 25 to 250 
Greater than 250 _. 

Assigned 
value 

5 
3 
1 

' Use depth of all layers between the hazardous 
substances and aquifer. Assign a thickness t ' 0 feet 
to any karst aquifer that underlies any portion of tha 
sources at ttie ste. 

3.1.2.4 Travel time. Evaluate the travel 
time factor based on the geologic materials in 
the interval between theTowest knovim point 
of hazardoiis substances at the site and the 

top of the aquifer being evaluated. Assign a 
value to the travel time factor as follows; 

• If the depth to aquifer (see section 3.1.2.3] 
is 10 feet or less, assign a value of 35. 

• If, for the interval being evaluated, all 
layers that underlie a portion of the sources 
at the site are karst assign a value of 35. 

• Otherwise: 
-Select the lowest hydraulic conductivity 

layer(s) from within the above intervaL 
Consider only layers at least 3 feet 
thick. However, do not consider layers 
or portions of layers writhin the first 10 
feet of the depth to the aquifer. 

-Determine hyciraulic conductivities for 
individual layers from Table 3-6 or 
from in-situ or laboratory tests. Use 
representative, measured, hydraulic 
conductivity values whenever 
available. 

-If more than one layer has the same 
lowest hydraulic conductivity, include 
all such layers and sum their 
thicknesses. Assign a thickness of 0 
feet to a karst layer that underlies any 
portion of the sources at the site. 

-Assign a value from Table 3-7 to the-
travel time factor, based on the 

' thickness and hydraulic conductivity 
of the lowest hydraulic conductivity 
layer(s). 

H 
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1.0 INTRODUCTION 

This long-term surveillance plan (LTSP) for the Uranium Mill Tailings Remedial Action 
(UMTRA) Project Ambrosia Lake disposal site in McKinley County, New Mexico, describes 
the U.S. Department of Energy's (DOE) long-term care program for the disposal site. The 
DOE will carry out this program to ensure that the disposal cell continues to function as 
designed. This LTSP was prepared as a requirement for acceptance under the U.S. Nuclear 
Regulatory Commission (NRC) general license for custody and long-term care of residual 
radioactive materials. 

1.1 STATUTORY AND REGULATORY BACKGROUND 

Title I of the Uranium Mill Tailings Radiation Control Act (UMTRCA)-of 1978 (42 
USC §7901 etseq.) authorized the DOE to perform remedial actions at 24 
inactive uranium mill tailings sites to reduce the potential effect on public health 
from the unstablllzed residual radioactive materials in and around the uranium 
mill tailings sites. Residual radioactive materials are any wastes that the DOE 

• determines to be radioactive, either in the form of tailings resulting from the 
processing of ores for the extraction of uranium and other valuable constituents 
of the ores, or in other forms that relate to such processing, such as sludge and 
captured contaminated water from these sites (60 FR 2854). 

In accordance with Section 275 of the Atomic Energy Act (42 USC §2011 
et seq.) as amended by the UMTRCA, the U.S. Environmental Protection Agency 
(EPA) has promulgated health and environmental protection standards for 
residual radioactive material cleanup and disposal in 40 CFR Part 192. These 
standards were originally promulgated in 1983 (48 FR 602). Portions of the 
standards covering ground water protection were remanded by the U.S. Court of 
Appeals for the Tenth Circuit in 1985. The EPA issued replacement ground 
water standards on 11 January 1995, with publication of a final rule (60 FR 
2854). 

The NRC has developed regulations for the issuance of a general license for the 
custody and long-term care of residual radioactive material disposal sites in 10 
CFR Part 40 . The license is available only to the DOE (or any successor federal 
agency designated by the President) and has no termination date. The purpose 
of this general license is to ensure that the UMTRA disposal sites will be cared 
for in a manner that protects the public health and safety and the environment. 
The NRC requires the DOE to submit a site-specific LTSP that meets the 
requirements of 10 CFR §40.27(b) in order for each disposal site to be licensed. 

1.2 SITE HISTORY 

Phillips Petroleum Company built the Phillips Mill at the Ambrosia Lake site in 
1957 and operated it from June 1958 until March 1963 using uranium ore from 
nearby mines. The mines around the site consisted of vertical shafts to the ore 
body several hundred feet below the surface. While in operation, the mill 
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processed over 3 million tons (3 million metric tons) of uranium ore. The Phillips 

• 

Mill used alkaline pressure leach technology to extract uranium from the ore. 
"Orifiiunrriiaching occurred in tanks, ~Drum~filters separatedljranium from 
solution and waste was pumped to a nearby tailings pile. Following purchase of 
the mill by United Nuclear Corporation (UNC), all operations were scaled back 
and milling ceased in April 1963, UNC used portions of the mill as a resin ion 
exchange facility to extract uranium from mine water until 1982 w/hen all site 
operations ceased. 

During the 5-year operational period, the Phillips Mill produced about 3.0 million 
tons (2.7 million metric tons) of tailings. Some 0.40 million tons (0.36 million 
metric tons) of tailings were subsequently used to backfill the former Ann Lee 
Mine~Non, whlchlslocatedTjuiTout^de the disposal site's north boundary 
(Plate 1). 

The Ambrosia Lake uranium mill tailings site was one of the 24 sites identified 
for remediation in the UMTRCA. The DOE and the state of New Mexico entered 
into a cooperative agreement under the UMTRCA, establishing terms and 
conditions of the remedial action (DOE, 1985). The DOE evaluated the 
environmental impacts associated wi th the Ambrosia Lake site remedial action in 
an environmental assessment (DOE, 1987). The NRC and the state of New 
Mexico concurred wi th the DOE's remedial action plan (DOE, 1991) to comply 
with the requirements of 40 CFR Part 192, Subparts A-C. 

The DOE conducted surface remedial action at the Ambrosia Lake site in two 
phases. Remedial action began in 1987 with site preparation followed by 
asbestos removal and demolition of the former mill buildings and processing 
facilities. After a hiatus of several years, remedial action resumed: In 1992, 
2.7 million cubic yards (yd^) (2.1 million cubic meters[m^]) of relocated tailings, 
contaminated demolition debris and contaminated windblown material were 
consolidated with 2.4 million yd^ (1,9 million m^j of tailings that were stabilized 
in place (MK-F, 1995). Remedial action that consolidated tailings and 
contaminated materials, placed them in a disposal cell, and covered them with a 
radon/infiltration barrier and an erosion protection layer, was completed in June 
1995. 

The UMTRA Remedial Action Contractor has prepared a completion report 
documenting compliance with the remedial action plan and the site as-built 
conditions (MK-F, 1995). The DOE will prepare a final audit report and 
certification summary and submit it along with the completion report to the NRC 
for concurrence. Concurrence from the NRC on the .certification report will be 
included (when received) in Attachment 1 of this LTSP, 

The DOE also is required to demonstrate compliance wi th 40 CFR Part 192, 
Subparts B and C, as revised by 60 FR 2854, for cleanup of existing ground 
water contamination. The DOE UMTRA Ground Water Project will address the 
need for remedial action involving residual ground water contamination at the 
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Ambrosia Lake site. The DOE's final determination will be made in a separate 
National Environmental Policy Act (42 USC §4321 etseq.) document. 

• • . / ' • , v _ ' • • • • ' • . ' ' . " • ' : ; ' ' ' ^ " , ' . - . • • • ' - f ' 

1.3 SITE ACQUISITION AND LICENSING 

The state of New Mexico currently owns the Ambrosia Lake site. The title 
docunientation is being reviewed by the U.S. Army Corps of Engineers prior to 
accepting transfer of the site to the federal government. Attachment 2 provides 
a legal description of the Ambrosia Lake disposal site to be conveyed to the DOE 
for long-term care and ownership. Figure 1,1 shows the final site boundary and 
identifies ownership of the site and surrounding areas at the time of licensing. 

Jhe general license becomes effective when the NRC concurs with^the DOE's 
determination of completion of remedlaractiorrat the Ambrosia LaRe .site.. 
ownership of the site is transferred to the federal government, and the NRC 
formally accepts this LTSP. After the general license becomes effective for the 
Ambrosia Lake disposal site,'TlTe"DUE'will transfer responsibility tor tne long-
term surveillance program to its Cjrand Junction i-rojects Office (GJPO) in Grand 
Junction, Colorado. The programmatic transfer will occur within 90 days of 
NRC notification that the license is in effect. 

1.4 LONG-TERM SURVEILLANCE PROGRAM 

This LTSP describes the DOE's long-term surveillance program to be 
implemented at the Ambrosia Lake disposal site to ensure that the disposal site 
continues to perform as designed. The plan Is based on the UMTRA Project 
long-term surveillance program guidance (DOE, 1992a) and meets the 
requirements of 10 CFR §40.27(b) by addressing the following: 

• Site description and ownership. 
• Description of final site conditions. 
• Site inspection procedures and personnel. 
• Custodial maintenance and corrective actions programs. 
• Record keeping and reporting. 
• Emergency response. 
• Quality assurance. 

DOE/AU62350-211 24-Jul-96 
REV. 1, VER. 1 00911S1.00C (AMB) 

1-3 



• 

9 

LONG-TERM SURVEILLANCE PLAN FOR THE 
AMBROSIA LAKE, NEW MEXICO, DISPOSAL SITE HNAL SITE CONDITIONS 

2.2 DISPOSAL SITE DESCRIPTION 

I The Ambrosia Lake disposal site is located on approximately 290 acres (ac) 
(120 hectares [ha]) of land located in the southern half of Section 28, Township 
14 North, Range 9 West, New Mexico Principal Meridian (Figure 2,2), 
Attachment 2 contains the legal description of the disposal site. 

The Ambrosia Lake disposal site is roughly rectangular in shape and has an east-
west length of about 4200 f t (1300 m) and a north-south width of about 
2900 f t (880 m). The tailings and other contaminated materials are covered 
with a layer of compacted earth to inhibit radon emanation and water infiltration 
and an outer layer of rock for erosion protection. The perimeter of the disposal 
site is marked with warning signs, boundary markers, and survey monuments 
(Section 4,0). 

2.3 DISPOSAL SITE ACCESS AND SECURITY 

The Ambrosia Lake disposal site can be accessed by automobile on well-
maintained highways following these directions: 

• From Albuquerque, New Mexico, take Interstate 40 west about 75 mi 
(120 km) to Exit 79 (Milan/San Mateo/NM 122/NM 605). 

• Go right (north) 0,1 mi (0.2 km) to NM 122 (historic U.S, Highway 66), turn 
left (west) and go 0,1 mi (0,2 km) on NM 122 to NM 605 following signs 
for Ambrosia Lake (see Figure 13.1). 

• Turn right onto NM 605 and travel about 14 mi (22 km) to NM 509. 

• From NM 605, turn left onto NM 509 and travel northwest for 4.6 mi 
(7.4 km). 

• Turn right onto an unmarked east-west graded dirt road with power lines 
along both sideis and travel east about 1 mi (1,6 km) to the site, located just 
past a cattle guard on the road. 

The east-west dirt access road parallels the section line between Sections 28 
and 33, which forms the south boundary of the disposal site (Figure 2.2). 
Presently, entry to the disposal site is restricted only by means of warning signs; 
there is no fence around the perimeter of the site. However, the access road is 
privately owned by Quivira Mining Company (QMC).. While QMC has granted 
the DOE permission to use the road, QMC should be notified prior to visiting the 
site. QMC has indicated that it may close the access road at NM 509 with a 
gate, at which time the GJPO will obtain a key from QMC. In addition, 

^ permission to access the site shall be obtained from either the DOE UMTRA 
Team Site Manager or the GJPO Supervisory General Engineer (Table 2.1). 
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Table 2.1 Ambrosia Lake disposal site access contacts 

Title of contact Telephone Address ' 

• 

DOE UMTRA Team Site Manager 505-845-4022 U.S. Department of Energy 
Albuquerque Operations Office 
Environmental Restoration Division 
Post Office Box 5400 
Albuquerque, NM 87115 

Supervisory General Engineer 970-248-6006 U.S. Department of Energy 
Grand Junction Projects Office 
2597 B 3/4 Road 
Grand Junction, CO 81503 

The effectiveness of site security measures will be monitored through scheduled 
site inspections (Section 6,0), A DOE 24-hour telephone number on the 
entrance sign (Section 4,0) and agreements with local agencies to notify the 
DOE in the event of an emergency or breach of site integrity (Section 11.0) 
serve as additional security measures. Because of the remote location of the 
disposal site, purposeful intrusion is not expected; however, if intrusion, 
vandalism, or other factors become a problem, site security will be reevaluated. 

2.4 DISPOSAL CELL DESIGN 

The disposal cell is located on a low-gradient alluvial slope upland from the main 
active valley stream channel. Erosion processes operating in the active channel 
will not conceivably affect the tailings pile within the projected stabilization life 
of 1000 years. The site is also at a great enough distance from nearby mesas to 
preclude any hazard from slope failure processes such as landslides, debris 
f lows, mud f lows, and rockfails. The geomorphic processes posing a potential 
hazard to the stabilized site are ephemeral' drainage channel changes, low-
gradient slope erosion, and wind erosion. 

The stabilized disposal cell was constructed above the ground surface; it 
contains 6.9 nriillion dry tons (6.3 million metric tons), and approximately 
5.2 million yd^ (3,9 million m^l of tailings and contaminated soil and debris. The 

^ disposal cell is roughly rectangular with a maximum length of approximately 
2500 f t (760 m) and a maximum width of about 1600 f t (490 m) including the 
toe apron (Plate 1). The disposal cell rises to a maximum height of 
approximately 50 f t (15 m) above the surrounding terrain. 

The main tajlings pile was stabilized in place. Relocated contaminated materials 
were placed on top of the tailings and then covered wi th a radon/infiltration 

^.barrier. The topslopes and sideslopes of the disposal cell were capped with rock 
to prevent wind and water erosion of the underlying radon/infiltration barrier and 
tailings. 
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A 30-inch (80-cm)-thick radon/infiltration barrier was placed over the 
contaminated materials. Tjiis barrier was constructed of clayey soil and is 
designed to reduce the radon-222 flux from the disposal cell to less than 
20 picocuries per square meter per second and minimize the rate of surface 
water infiltration into the tailings. The thickness of the radon/infiltration barrier, 
in conjunction wi th the erosion protection layer, will prevent the disposal cell 
from being adversely affected by freezing and thawing cycles. 

The erosion protection layer is 6-inch (15-cm)-thick riprap on the topslopes and 
12-inch (30-cm)-thick riprap on the sideslopes. The topslopes have Type A 
riprap wi th a rock diameter of predominately 2-3 inches (5-8 cm); the sideslopes 
have Type B riprap with a rock diameter of predominately 4-6 inches (10-
15 cm). A,6-inch_(15-;cm)-thick. bedding layer was placed between the riprap 
and-the.radon/infiltration barrier to prevent damage to the barrier by rocks and 
loss ofjthe.-fined-qrained radon/infiltration barrier material. The maxirhum grade 
is 4 percent on the topslopes and 20 percent on the sideslopes. These grades, 
in conjunction with the bedding layer, will allow excess surface water to run off 
the disposal cell. The components of both the topslope and sideslope covers are 
intended to minimize the potential for deep percolation of precipitation into the 
residual radioactive material. 

• 

At the toe of the disposal cell there is a rock apron, varying.in thickness from 
34 inches (86 cm) to 66 inches (170 cm) and primarily constructed of Type C 
riprap with a rock diameter of predominately 10-12 inches (25-30 cm). At the 
ground surface, riprap protection extends up to 40 f t (12 m) from the toe of the 
disposal cell. 

2.5 DESCRIPTION OF ADJACENT AREAS 

The conditions of several features imrnediately adjacent to the disposal cell or on 
private property bordering the disposal site are important to note because 
changes associated with the features may need to be monitored during site 
inspections. These features are identified on Plate 1. 

In the northeast corner of the disposal site there is a landfill pit containing 
nonradiological and slightly contaminated demolition debris from the processing 
site (MK-F, 1995), The debris pit is distinguishable only by a slight mound; the 
pit area was reseeded and mulched. 

9 

Three vent shafts to underground mining areas are located in the immediate site 
area. One is located just inside the north-central boundary of the disposal site. 
This shaft, which was sealed by UNC prior to start of remedial action, has a 
spot-welded cover. Another on-site shaft, which has a bolted-on cover, is near 
the southwest corner of the site. The third vent shaft, which also has a bolted-
on cover, is located on QMC property just outside the southwest corner of the 
site. 
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2.0 FINAL SITE CONDITIONS 

Remedial action at the Ambrosia Lake site consisted of stabilizing the majority of the 
tailings in place. Contaminated demolition debris from the former mill and soil from 
surrounding areas that was contaminated with windblown tailings were also cleaned up. A 
rock-covered disposal ceil was constructed in the southwestern portion of the designated 
processing site to control the residual radioactive material in accordance with ^ 0 CFR Part 
192. The Ambrosia Lake disposal site is unfenced, but its perimeter is marked with 
warning signs. The site completion report (MK-F, 1995) contains a detailed description of 
the final site conditions. 

2.1 DESCRIPTION OF THE DISPOSAL SITE VICINITY 

The Ambrosia Lake disposal site is in McKinley County in northwest New 
Mexico. The site is approximately 25 miles (mi) (40 kilometers [km]) north of 
Grants, New Mexico, accessible via state highways (Figure 2.1). 

9 

The disposal site is situated in the Ambrosia Lake Valley, on the southern edge 
of the San Juan Basin portion of the Colorado Plateau, at an elevation of about 
7000 feet (ft) (2100 meters [m]) National Geodetic Vertical Datum (NGVD), The 
topography of the area surrounding the site consists of a broad valley trending 
northvyest to southeast bounded by elongated mesas that rise to an elevation of 
about 8000 f t (2400 m) NGVD, Several small ephemeral streams and channels 
originating in the canyons to the northeast direct the surface run-off in the 
immediate area to the southwest. The site lies within the drainage basin of the 
Arroyo del Puerto, an intermittent stream about 1.0 mi (1.6 km) southwest of 
the site. The Arroyo del Puerto flows into San Mateo Creek about 5 mi (8 km) 
south,of the site. There are no perennial streams in the vicinity of the Ambrosia 
Lake disposal site. 

The valley has a semiarid climate characterized by low precipitation, abundant 
sunshine, low relative humidity, and large diurnal and annual temperature ranges 
(DOE, 1991). Annual precipitation is about 9 inches (20 centimeters [cm]). 
Normally over one-half of the annual precipitation occurs from July to 
September, usually during brief, intense thunderstorms. Annual lake evaporation 
is estimated to be 54 in (140 cm) for the region. Temperatures range from 
below 0 degrees Fahrenheit {°F) (-20 degrees Celsius[°C]) in the winter to over 
100 °F (40 °C) in the summer. Winds average about 6 mi (10 km) per hour and 
are predominately from the west and north-northwest. 

Over the last decade, surface use of the land in the vicinity of the Ambrosia Lake 
site has shifted from uranium mining and milling to livestock grazing. Other 
potential future surface uses include pasture cultivation. 
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Figure 2.1 ^ 
Location Map, Ambrosia Lake, New Mexico, Site 
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LONG-TERM SURVEILLANCE PLAN FOR THE 
AMBROSIA LAKE, NEW MEXICO, DISPOSAL SITE HNAL SITE CONDITIONS 

2.2 DISPOSAL SITE DESCRIPTION 

\ The Ambrosia Lake disposal site is located on approximately 290 acres (ac) 
(120 hectares [ha]) of land located in the southern half of Section 28, Township 
14 North, Range 9 West, New Mexico Principal Meridian (Figure 2.2). 
Attachment 2 contains the legal description of the disposal site. 

The Ambrosia Lake disposal site is roughly rectangular in shape and has an east-
west length of about 4200 f t (1300 m) and a north-south width of about 
2900 f t (880 m). The tailings and other contaminated materials are covered 
with a layer of compacted earth to inhibit radon emanation and water infiltration 
and an outer layer of rock for erosion protection. The perimeter of the disposal 
site is marked with warning signs, boundary markers, and survey monuments 
(Section 4.0). 

2.3 DISPOSAL SITE ACCESS AND SECURITY 

The Ambrosia Lake disposal site can be accessed by automobile on well-
maintained highways following these directions: 

• From Albuquerque, New Mexico, take Interstate 40 west about 75 mi 
(120 km) to Exit 79 (Milan/San Mateo/NM 122/NM 605). 

• Go right (north) 0.1 mi (0,2 km) to NM 122 (historic U.S. Highway 66), turn 
left (west) and go 0.1 mi (0,2 km) on NM 122 to NM 605 following signs 
for Ambrosia Lake (see Figure 13.1). 

• Turn right onto NM 605 and travel about 14 mi (22 km) to NM 509. 

• From NM 605, turn left onto NM 509 and travel northwest for 4.6 mi 
(7.4 km). 

• Turn right onto an unmarked east-west graded dirt road with power lines 
along both sides and travel east about 1 mi (1.6 km) to the site, located just 
past a cattle guard on the road. 

The east-west dirt access road parallels the section line between Sections 28 
and 33, which forms the south boundary of the disposal site (Figure 2.2). 
Presently, entry to the disposal site is restricted only by means of warning signs; 
ttiere is no fence around the perimeter of the site. However, the access road is 
privately owned by Quivira Mining Company (QMC).. While QMC has granted 
the DOE permission to use the road, QMC should be notified prior to visiting the 
site, QMC has indicated that it may close the access road at NM 509 with a 
gate, at which time the GJPO will obtain a key from QMC. In addition, 
permission to access the site shall be obtained from either the DOE UMTRA 
Team Site Manager or the GJPO Supervisory General Engineer (Table 2.1), 
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Figure 2.2 
Vicinity Map, Ambrosia Lake, New Mexico, Site 
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LONG-TERM SURVEILLANCE PLAN FOR THE 
AMBROSIA LAKE. NEW MEXICO. DISPOSA 

Table 2.1 

Title of contact 

LSITE FINAL SITE CONDITIONS 

Ambrosia Lake disposal site access contacts 

Telephone Address ' 

9 

DOE UMTRA Team Site Manager 505-845-4022 U.S, Department of Energy 
Albuquerque Operations Office 
Environmental Restoration Division 
Post Office Box 5400 
Albuquerque, NM 87115 

Supervisory General Engineer 970-248-6006 U,S, Department of Energy 
Grand Junction Projects Office 
2597 B 3/4 Road 
Grand Junction, CO 81503 

The effectiveness of site security measures will be monitored through scheduled 
site inspections (Section 6,0). A DOE 24-hour telephone number on the 
entrance sign (Section 4.0) and agreements with local agencies to notify the 
DOE in the event of an emergency or breach of site integrity (Section 11,0) 
serve as additional security measures. Because of the remote location of the 
disposal site, purposeful intrusion is not expected; however, if intrusion, 
vandalism, or other factors become a problem, site security will be reevaluated. 

2.4 DISPOSAL CELL DESIGN 

The disposal cell is located on a low-gradient alluvial slope upland from the main 
active valley stream channel. Erosion processes operating in the active channel 
will not conceivably affect the tailings pile within the projected stabilization life 
of 1000 years. The site is also at a great enough distance from nearby mesas to 
preclude any hazard from slope failure processes such as landslides, debris 
f lows, mud f lows, and rockfails. The geomorphic processes posing a potential 
hazard to the stabilized site are ephemeral drainage channel changes, low-
gradient slope erosion, and wind erosion. 

The stabilized disposal cell was constructed above the ground surface; it 
contains 6.9 niillion dry tons (6.3 million metric tons), and approximately 
5,2 million yd^ (3.9 million m^) of tailings and contaminated soil and debris. The 
disposal cell is roughly rectangular with a maximum lengtfi"of approximately 
2500 f t (760 m) and a maximum width of about 1600 f t (490 m) including the 
toe apron (Plate 1). The disposal cell rises to a maximum height of 
approximately 50 f t (15 m) above the surrounding terrain. 

The main tajlings pile was stabilized in place. Relocated contaminated materials 
were placed on top of the tailings and then covered with a radon/infiltration 
barrier. I he topslopes and^ideslopes of the disposal cell were capped with rock 
to prevent wind and water erosion of the underlying radon/infiltration_b-arrier and 
tailings. 
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A 30-Inch (80-cm)-thick radon/infiltration barrier was placed over the 
contaminated materii ls. TITis~barrier was constructed of clayey soiLand is 
designed to reduce the radon-222 flux from thedisposal cell to less than 
20 picocuries per square meter per second and minimize the rate of surface 
water infiltration into the tailings. The thickness of the radon/infiltration barrier. 
in conjunction with the erosion protection layer, will prevent the disposal cell 
from being adversely affected by freezing and thawing cycles. 

The erosion protection layer is 6-inch (15-cm)-thick riprap on the topslopes and 
12-inch (30-cm)-thick riprap on the sideslopes. The topslopes have I ype A 
riprap with a rock diameter of predominately 2^~inches (5-8 cm); the sideslopes 
have Type B riprap with a rock diameter of predominately 4-6 inches (10-
15 cm). A 6-inch (15-cm)-thick bedding layer was placed between the riprap 
and the radon/infiltration barrier to prevent damage to the barrier by rocks and 
loss of the fined-grained radon/infiltration barrier material. The maxirhum grade 
is 4 percent on the topslopes and~20 percent on the sideslopes. These grades, 
in conjunction with the bedding layer, will allow excess surface water to run off 
the disposal cell. The components of both the topslope and sideslope covers are 
intended to minimize the potential for deep percolation of precipitation into the 
residual radioactive material. 

At the toe of the disposal cell there is a rock apron, varying in thickness from 
34 inches (86 cm) to 66 inches (170 cm) and primarily constructed of Type C 
riprap with a rock diameter of predominately 10-12 inches (25-30 cm). At the 
ground surface, riprap protection extends up to 40 f t (12 m) from the toe of the 
disposal cell. 

2.5 DESCRIPTION OF ADJACENT AREAS 

The conditions of several features imrnediately adjacent to the disposal cell or on 
private property bordering the disposal site are important to note because 
changes associated with the features may need to be monitored during site 
inspections. These features are identified on Plate 1. 

In the northeast corner of the disposal site there is a landfill pit containing 
nonradiological and slightly contaminated demolition debris from the processing 
site (MK-F, 1995). The debris pit is distinguishable only by a slight mound; the 
pit area was reseeded and mulched. 

Three vent shafts to underground mining areas are located in the immediate site 
area. One is located just inside the north-central boundary of the disposal site. 
This shaft, which was sealed by UNC prior to start of remedial action, has a 
spot-welded cover. Another on-site shaft, which has a bolted-on cover, is near 
the southwest corner of the site. The third vent shaft, which also has a bolted-
on cover, is located on QMC property just outside the southwest corner of the 
site. 
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The former Ann Lee Mine is located on UNC property just outside the north 
boundary of the disposal site. The mine shaft is reported to have been backfilled 
by UNC with mine wastes and dirt and is capped with a concrete slab. 

The DOE has revegetated areas of the site surrounding the disposal cell and 
adjacent areas as part of the remedial action plan and agreements with vicinity 
property owners (DOE, 1991; MK-F, 1995). Final vegetative cover should equal 
that of surrounding unremediated areas. These revegetated areas are currently 
fenced with barbed wire and woven wire fencing to prevent livestock grazing 
while vegetation is reestablishing. After 5 years, QMC has the option to 
relocate the fencing to follow the western property boundary of the disposal site 
(Attachment 2). Agreements with QMC give QMC ownership of the fencing to 
the south and west of the site and require that QMC maintain the fencing and 
the cattle guard at the site entrance for 5 years (from 1995) (Charlton, 1993 and 
1995; Pommerening, 1992). 
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3.0 SITE DRAWINGS AND PHOTOGRAPHS 

At the completion of remedial action, the UMTRA Remedial Action Contractor documented 
final disposal site conditions with site maps, as-built drawings, and photographs (MK-F, 
1995). This information illustrates baseline conditions for comparison to future disposal 
site conditions. 

All original drawings, site maps, and photographs will become part of the Ambrosia Lake 
permanent site file and be archived by the UMTRA Project Document Control Center 
(UPDCC), in Albuquerque, New Mexico. At licensing, the DOE will transfer the site file to 
the GJPO. The disposal site maps and drawings may be further modified by the GJPO, as 
necessary. The GJPO will be responsible for maintaining the permanent site file and adding 
any new maps, drawings, and photographs to the site file. 

3.1 DISPOSAL SITE BASELINE MAP 

The Ambrosia Lake disposal site baseline map (Plate 1) was compiled from the 
final topographic survey map and as-built drawings of the disposal site area. 
The final topographic survey was conducted in accordance with the DOE 
long-term surveillance program guidance (DOE, 1992a). The following 
specifications were used in developing the topographic map: a scale of 
1 inch = 200 ft (1 cm = 24 m), a contour Interval of 2 ft (0.6 m), and coverage 
of the disposal site and an area of 0.25 mi (0.4 km) outside the site perimeter. 

In addition to topography, the baseline map defines the following: 

Disposal site property boundaries and access road. 

Outline of the toe and crest of the disposal cell. 

Location of drainage swales. 

Ground water monitor wells. 

Project survey control point. 

Permanent site surveillance features (e.g., monuments, markers, and signs). 

Other on-site features to be inspected (e.g., displacement monuments, vent 
shafts, debris pit). 

Site grid coordinate system. 

When this site map is updated, the revised map will include the year of revision 
and the revision number. The Ambrosia Lake disposal site'map will serve as the 
baseline map for site inspections. 
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3.2 DISPOSAL SITE AS-BUILT DRAWINGS 

A set of as-built drawings illustrates final disposal cell construction and final 
disposal site conditions (MK-F, 1995).. These drawings may be used to evaluate 
changes in physical site conditions or the disposal cell over time and to develop 
corrective action plans, if required. 

3.3 SITE BASELINE PHOTOGRAPHS 

The photographic record of the Ambrosia Lake disposal site includes a series of 
aerial and ground photographs that provide a baseline visual record of site 
construction activities and final site conditions to complement the as-built 
drawings. The final completion report for the disposal site contains a complete 
set of photographs that documents each phase of construction (MK-F, 1995), 
The post-construction photographs provide an orientation tool for site 
inspections and a baseline record of surveillance features. 

A set of aerial photographs was taken of the Ambrosia Lake disposal site in 
September 1995 after surface remedial action was completed (Table 3.1). 
These photographs will enable inspectors to monitor changes in large-scale site 
conditions (e.g., erosion patterns, vegetation changes, and land use) over time. 
The need for new aerial photographs will be evaluated at 5-year intervals from 
the effective date of the site license. More detailed information on the aerial 
photography specifications is provided in the DOE long-term surveillance program 
guidance (DOE, 1992a) and the Ambrosia Lake site surveillance and maintenance 
subcontract documents (MK-ES, 1992). 

3.4 SITE INSPECTION MAPS AND PHOTOGRAPHS 

Site maps will be prepared and site photographs will be taken as part of the 
long-term surveillance program site inspections (Section 6.5). The GJPO will 
prepare a site inspection map based on the final site baseline maps and 
drawings, This inspection map will be updated, as necessary, after each site 
inspection. Each site inspection map will indicate the year of the inspection and 
the type of inspection. 

Photographs will be taken during disposal site inspections to document 
conditions at the disposal cell and the disposal site. These photographs will 
provide a continuous record for monitoring changing conditions over time. The 
photographs can be compared with the baseline photographs to monitor site 
features. Each photograph will be recorded individually on a site inspection 
photo log (Attachment 3). An appropriate description of the feature 
photographed, including azimuth (if necessary), will be entered into the log. 
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5.0 GROUND WATER CHARACTERIZATION AND MONITORING 

The need for ground water monitoring at the Ambrosia Lake disposal site was evaluated in 
accordance with the NRC regulations in 10 CFR .§40.27(b)(2), and long-term surveillance 
program guidelines (DOE, 1992a). The implementation guidance in Subpart C of 40 CFR 
Part 192, as revised by 60 FR 2854, describes specific conditions for applying 
supplemental standards for ground water rather than meeting background levels or 
numerical standards. The DOE has determined that a program to monitor ground water is _ 
not required for the Ambrosia Lake site because ground water in the uppermost aquifer is__^ 
of limited use, and a narrative supplemental standard has been applied to the site that does 
not include numerical concentration limits or a point of compliance. The limited use 
designation is appropriate because the uppermost aquifer does not represent a ground 
water resource since the aquifer will not sustain a yield of 150 gallons (gal) (570 liters [L]) 
per day to wells. 

5.1 GROUND WATER CHARACTERIZATION 

Ground water at the Ambrosia Lake site is influenced by climate, human 
• activities, and surface and subsurface features. Though the focus of this section 

is a description of the hydrostratigraphic units that may be affected by the 
disposal cell, information regarding the physical and environmental conditions is 
included. Most of the information presented here is described in more detail in 
the Ambrosia Lake remedial action plan (DOE, 1991) and the site observational 
work plan (DOE, 1995). Some data has been collected since the completion of 
the site observational work plan and is also reported in this LTSP. 

5.1.1 Climate and surface features 

A general description of the site climate and surface features is presented in 
Section 2 . 1 . The potential for recharge of ground water by infiltration of 
precipitation is estimated as the precipitation less the evaporation and 
transpiration of vegetation. Reported evaporation is about six times the reported 
precipitatipn (Appendix D of DOE, 1991). The majority of the precipitation 
occurs during the summer when evaporation and transpiration potentials are high 
and the soil moisture content is low thus limiting significant infiltration. As a 
result, recharge to ground water may only occur in the vicinity of surface 
depressions that are able to trap runoff from a wide area. However, these areas 
are localized and are not expected to contribute significantly to ground water 
recharge in the vicinity of the Ambrosia Lake disposal site. 

5.1.2 Human activities 

The Ambrosia Lake area has served as a mining and milling center from the mid-
1950's to the early 1980's. with limited activities extending into the 1990's. 
Dewatering of subsurface strata to facilitate the construction of vertical mine 
shafts, followed by horizontal mining to extract uranium ore, affected the pre
existing ground water in several subsurface geologic rock units in the area. The 
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ground water pumped from the mines was used for milling processes or was 
discharged to retention ponds. The influences from nearby mine and mill 
operations on ground water in the Ambrosia Lake area are discussed in Sections 
5.1.3, 5.1.4, and 5.1.5. 

Waste water was produced from the former PhillipS-Mill-at-a-r.ate-of..l..to..5-tons 
(0.9 to 4.5 metric tons) for every ton of ore processedJMfirritt^.9X1I: 
therefore, 3 to 15 million tons (2.7 to 13.6 million metrictoosl-oLwaste-AairateL-
were produced during the 5 years of ore milling. This is equivalent to between 
2200 to 11,000 ac-ft (2.7~tcri4 milliorTm^) of waste water. Waste water, with 
the tailings, was disposed of in the tailings pile~and also collected in two former 
holding ponds"tocate5l"east of the tailings pile in the southeast corner quarter F f 

^ Section 28; some waste water was possibly discharged to a canal that led to a 
separate holding pond called the Voght TanlOoirnTerl7T5ciiteHliT^ction 34; and 
some waste water also was discharged to two holding ponds near the southeast 
corner of the tailings pile in Section 33 (Figure 2,2). The influences of these 
waste water discharges on ground water in the immediate vicinity of the 
disposal site are discussed in Sections 5.1.3, 5.1.4, and 5.1.5. 

The ion-exchange process used at the Ambrosia Lake site probably contributed 
little if any contamination to the site. Water that was passed through the ion-
exchange columns was returned to its source (the mines), and not discharged to 
the land surface. Water applied to the heap leach piles was collected with a 
drain system for recovery of uranium using the ion-exchange columns. 

Water supplies associated with mill cleanup activities were from wells completed 
in the uranium ore zone (the Westwater Canyon Member of the Morrison 
Formation) and deeper hydrogeologic units. Domestic and stock wells in the 
Ambrtssia Lake area are also completed in the ore zone or deeper units and 
obtain water at depths from 300 f t (90 m) to greater than 800 f t (240 m). No 
wells are completed in any of the shallower zones (alluvium and Tres Hermanos 
Sandstones) within at least a 5-mi (8-km) radius of the site, with the exception 
of monitor wells installed by the DOE (DOE, 1991). These water supply wells 
have no impact on the ground water in the uppermost aquifer beneath the 
disposal site. 

The nearest public water supply is operated by the town of San Mateo, 10 mi 
(16 km) southeast of the Ambrosia Lake site. The water for San Mateo is 
derived from the Point Lookout Sandstone (Brod, 1979), which is 
stratigraphically higher than, and not connected wi th, any of the geologic units 
at the Ambrosia Lake site, and, therefore, is not impacted by ground water 
beneath the disposal site. 

5.1.3 Hydrostratigraphy 

A generalized, regional geologic cross section illustrating the dip, relative depths, 
and relative thickness of each unit described below is shown in Figure 5 . 1 . 
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The soil and rock units underlying the Ambrosia Lake site can be divided into 
four hydrostratigraphic units. These units, in descending order,^include: 

1, The alluvium, weathered portions of the Mancos Shale, and the Tres 
Hermanos-Ci and -C2 Sandstone units combined, designated as the 
uppermost aquifer (DOE, 1991) 

2, The Tres Hermanos-B and -A Sandstone units 

3, The Dakota Sandstone 

4, The Westwater Canyon Member of the Morrison Formation 

At the Ambrosia Lalce site. Quaternary alluvium lies on top of an erosional 
surface of weathered Cretaceous Mancos Shale. The alluvium and weathered 
Mancos Shale are hydraulically interconnected and appear to behave as a single 
hydrologic unit. Underiying the alluvium/weathered Mancos Shale is the 
unweathered, lower portion of the Mancos Shale Formation that contains four 
silty sandstone interbeds, known as the Tres Hermanos-Ci (upper), and -C2 
(lower), -B, and -A Sandstone units. Other hydrostratigraphic units beneath the 
site that may be water-bearing include (in descending order) the Cretaceous 
Dakota Formation and the Jurassic Westwater Canyon Member of the Morrison 
Formation, Below the Westwater Canyon Member is more than 150 ft (46 m) of 
shale, siltstone, and sandstone of the Recapture Member of the Morrison 
Formation, which was not disturbed during uranium mining and acts as a 
confining layer. 

With the exception of the alluvium, the regional dip of the geologic units beneath 
the site is toward the northeast at approximately 2 degrees. The alluvium has 
been deposited neariy horizontally on top of the Mancos Shale. 

Figure 5.2 shows the location of a cross section constructed using information 
from monitor wells installed as part of the UMTRA Project. The cross section is 
shown in Figure 5.3, and illustrates the configuration of the shallow 
hydrostratigraphic units that lie beneath Ambrosia Lake site. Figure 5.4 shows 
the relationship between the geologic and hydrostratigraphic units. A summary 
of the hydraulic properties of these hydrostratigaphic units is presented in Table 
5,1, 

Al luv ium/weathered Mancos Shale and Tres Hermanos-C Sandstone 

The alluvium/weathered Mancos Shale unit underlying the Ambrosia Lake site 
extends to a depth of approximately 15 to 75 ft (5 to 23 m) below ground 
sui^ace. The alluvium consists of a mixture of gravels, sands, silts, and clays. 
The alluvium Is deposited on top of an erosional surface of weathered Mancos 
Shale, Underiying the weathered Mancos Shale is the unweathered, lower 
portion of the Mancos Shale which contains four silty sandstone interbeds. 
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Figure 5.2 
Location of Monitor Wells and Former/Current Site Features 
Ambrosia Lake, New Mexico, Site . . por̂ner 
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Figure 5.4 
Relationship Between Geologic and Hydrostratigraphic Units 
Ambrosia Lake, New Mexico, Site 
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Table 5.1 Summary of hydraulic properties of hydrostratigraphic units at the Ambrosia Lake, New Mexico, site 

Hydro
stratigraphic 

unit 
V 

Alluvium/ 
Weathered 
Mancos Shale 

Boundary 

Boundary 

Boundary 

Boundary 

Boundary 

Dakota 

Brushy Basin 

=• Westwater 

Geologic unit 
formation/ 

member 

Alluvium/Weather 
ed Mancos Shale 

Shale 

Tres Hermanos-C, 

Shale 

Tres Hermanos-C2 

Shale 

Tres Hermanos-B 

Shale 

Tres Hermanos-A 

Shale 

Dakota 

Brushy Basin 
Member 

Westwater 

Lithology 

Clay, silt, sand 
and gravel 

Shale 

Fine marine 
sandstone 

Shale. 

Fine marine 
sandstone 

Shale 

Fine marine 
sandstone 

Shale 

Fine marine 
sandstone 

Shale 

Fine-med. 
marine 
sandstone 

Mudstone w/ss 
lenses 

Fine-coarse 

Depth to 
top of 
unit in 

boring at 
well 680 
(ft bgs) 

0 • 

58 

NA 

NA 

NA 

120 

150 

157 

220 

227 

305 

343 

Thickness 
of units at 
well 680 

(ft) 

58 

62" 

i 
1 
1 

" 

30 

7 

63 

.7 

78 

38 

NA 

Porosity 
(percent) 

13" 

NA 

5" 

NA 

5" 

NA 

NA 

NA 

NA 

NA 

10" 

NA 

Approximate 
saturated thickness 

(ft) 
Well 1989 1995 
No. 

675 

NA 

778 

NA 

785 

NA 

777 

HK 

679 

NA 

680 

NA 

10.8 

NA 

7.5 

NA 

3.2 

NA 

10.5 

NA 

0 

NA 

13.2 

NA 

15.5 

NA 

7.1 

NA 

1.6 

NA 

NM 

.NA 

24.0 

NA 

30.7 

NA 

Hydraulic 
conductivity 

(cm/s) 

8E-05^ 

NA 

2.5E-04°'' 

1 

• • 

4.3E-08* 

5E-04' 

IE-O58 

NA 

NA 

5.7E-04'' 

NA 

1E-06° 

Typical 
yield 
(gpm) 

<5 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2000 
(max)" 

NA 

10" 

NA 

TDS 
(mg/L) 

592-14,000" 

3340'' 

NA 

NA 

NA 

NA 

1480-
12,700^ 

NA 

120-2940^ 
2500-9000" 

NA 

310-6270" 

2500-9000" 

NA 
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Table 5,1 Summary of hydraulic properties of hydrostratigraphic units at the Ambrosia Lake. New Mexico, site 
(Concluded) 

Hydro
stratigraphic 

unit 

Canyon 

Recapture 

Geologic unit 
formation/ 
member 

Canyon Member 

Recapture 
Member 

Bluff Sandstone 

Lithology 

fluvial 
sandstone 

Siltstone w/sh 
and ss lenses 

Fine-medium 
eolian 
sandstone 

Depth to 
top of 
unit in 

boring at 
well 680 
(ft bgs) 

NA • 

NA 

NA 

Thickness 
of units at 
well 680 

(ft) 

NA 

NA 

NA 

Porosity 
(percent) 

10' 

NA 

NA 

Approximate 
saturated thickness 

Well 
No. 

NA 

NA 

NA 

(ft) 
1989 

NA 

NA 

NA 

1995 

NA 

NA 

NA 

Hydraulic 
conductivity 

(cm/s) 

4.3E-04" 

NA 

4.7E-07" 

Typical 
yield 
(gpm) 

80-730° 

NA 

10" 

TDS . 
(mg/L) 

360-2200" 

NA 

2300" 

'DDE, 1991 . 
''Brod and Stone, 1981 . 
"Combined thickness of Tres Hermanos-C,, -C2, and Mancos Shale. 
"Purtymun e ta l . , 1977. 
"Combined hydraulic conductivity of Tres Hermanos-C, and -Cj Sandstone units. 
'Brod, 1979. 
^Bostick, 1985. 
"Kelly et al . , 1980. 

bgs - below ground surface. 
cm/s - centimeters per second. 
gpm - gallons per minute. 
NA - not available. 
NM - no ground water elevations were measured. 
sh - shale. 
ss - sandstone. 
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LONG-TERM SURVEILUNCE PUN FOR THE 
AMBROSIA UKE, NEW MEXICO. DISPOSAL SITE GROUND WATER CHARACTERIZATION AND MONITORING 

known as the Tres Hermanos-Ci (upper), and -C2 (lower), -B, and -A Sandstone 
units. The Tres Hermanos-Ci and -C2 Sandstone units, are separated by a 10- to 
15-ft (3- to 5-m) -thick interbed of shale and subcrop into the alluvium beneath 
the western side of the site (Figures 5.1 and 5.3). The saturated portions of the 
alluvium/weathered Mancos Shale unit and the Tres Hermanos-Ci and -C2 
Sandstone units comprise the uppermost aquifer. Water level observations 
collected in 1995 indicate that the maximum saturated thickness of any portion 
of this aquifer is about 25 ft (8 m). 

The malority of ground water present in the alluvium/weathered Mancos Shale 
and the Tres Hermanos-C Sandstone units at the Ambrosia Lake site is most 
likely a result of past uranium mining and milling activities in the area. During 
the period of the mill's operation, the discharge of ground water pumped from 
the Ann Lee Mine, as part of the mine dewatering process, and subsequent 
infiltration of water from an unlined mill process (makeup) water pond infiltrated 
into the underlying soil and bedrock including the alluvium/weathered Mancos 
Shale unit. Ground water to the north of the former tailings pile in the 
alluvium/weathered Mancos Shale unit appears to f low to the southwest under 
the site on top of the unweathered Mancos Shale (Figure 5,3), The ground 
water f lows into the Tres Hermanos-Ci and -C2 Sandstone units where they 
subcrop into the overiying alluvium/weathered Mancos Shale unit. Ground water 
within both the upper and lower Tres-Hermanos-C sandstone units flows to the 
northeast in the direction of the regional dip as shown in Figure 5,3 (Brod and 
Stone, 1981). 

Water level measurements collected in 1995 indicate that perched ground water 
occurs in the alluvium/weathered Mancos Shale at depths from 15 to 45 f t (5 to 
14 m) below ground level at the site. During the period of investigation, the 
alluvium/weathered Mancos Shale unit was saturated below and directiy south 
and west of the former tailings pile. Little or no ground water was encountered 
further to the south and west of the site because the Tres Hermanos-C 
Sandstone units intercept the f low in the alluvium/weathered Mancos Shale unit. 
Hydrographs of selected water level data collected from monitor wells completed 
in the alluvium/weathered Mancos Shale unit (AMB01-0674, -0675, -0781 , -
0793) from 1985 to 1995 are presented in Figure 5.5. Water levels have 
generally decreased in well 0674 since 1988, and in well 793 since 1993. 
Water levels have remained relatively constant in well 781 since 1986. 
However, recent water level rises have occurred in well 0675 which may be the 
result of toe drain runoff from the recently completed disposal cell. Ground 
water in the alluvium/weathered Mancos Shale unit f lows along the 
southwestwardly sloping contact of the Mancos Shale under a hydraulic gradient 
estimated to be 0.025 from observations made in 1995 (Figure 5.6). The 
average hydraulic conductivity in the alluvium/weathered Mancos Shale unit is 
approximately 3 x 10"* cm per second (0.9 f t per day) and the average linear 
ground water velocity is approximately 7 x 10'^ cm per second (0.2 f t per day) 
(DOE, 1991). Ground water is present in the alluvium several thousand feet 
southwest of the site. This ground water is associated with mine dewatering 
discharges into the Arroyo del Puerto, which is topographically much lower and 

DOE/AU62350-211 24-Jul-96 
REV. 1. VER. 1 00911SS.DOC (AMB) 

5-10 



Ol 

0 3 0 U -

6970-

S" 
O 6960 -
Z 

c 
o 

g 6950 -
0) 

•D 

i 6940-
2 

6930-

b9Z0~ 

^ ^ ^ 
!y 

1 . 

pLegena-] 

674 

X 

675 

A 

781 

• 

793 

• 

• — ^ 

i i i i i i i i i i i Tn" i l l i l l l l i l l l l i i l l l i 

A A * A 
i i ~ £ i £s J S 

' ' " ~ ~ ~ ^ ^ « — - X — _ j f ^ ^ ^ 

M i i i i i i i i i i i i i i i i i i i i i I I I I I I I I I I I I I I I I I I I I I I 

V v 

y -

" - ^ 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Jan 
85 

Jan 
86 

Jan 
87 

Jan 
88 

Jan 
89 

Jan 
90 

Jan 
91 

Jan 
92 

Jan 
93 

Jan 
94 

Jan 
95 

Jan 
96 

> O I 
g o «< <Q 

o "2. o 3 
m n u cn 
•T ... 3" 

3 

2 » 

y = CO 
— j - j . - r 

Year 

o 

S.I o 
o 5 c 

#-• » • ^ 
(0 ar 0) 

2 CD 

. a m 

So 
w -̂  
w : ^ 
sT 3 
2. 3 

. o o 
a 1. 
3 S"' 
ST. - t 

V 3 f 

o 

c 
3 

NGVD - National Geodetic Vertical Datum 



Figure 5.6 
Ground Water Surface Map for Alluvium/Weathered Mancos Shale 
Ambrosia Lake, New Mexico, Site 
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LONG-TERM SURVEILUNCE PUN FOR THE 
AMBROSIA UKE, NEW MEXICO, DISPOSAL SITE GROUND WATER CHARACTERIZATION AND MONITORING 

not hydraulically connected to the alluvium/weathered Mancos Shale unit at the 
Ambrosia Lake site. , , . , , . i r ' "•' '•'••i ' 

Ground water within both the Tres Hermanos-Ci and -C2 Sandstone units f lows 
to the northeast in the direction of regional dip under a hydraulic gradient 
averaging 0.026 from observations made in 1995 (Figures 5.7 and 5.8). The 
average hydraulic conductivity in these units is approximately 3 x 10"^ cm per 
second (0.9 f t per day) and the average linear ground water velocity is 
approximately 1 x 10'* cm per second (0.3 f t per day) (DOE, 1991). The Tres 
Hermanos-C Sandstone units are unconfined in the vicinity of the Ambrosia Lake 
site, and ground water elevations from monitor wells completed in both the 
upper and lower sandstone beds suggest that there is basal saturation in each 
unit. The Tres Hermanos Sandstone may have been saturated in the premining 
era, but was dewatered by mine construction activities and seepage down mine 
shafts and vent holes in the vicinity. The basal saturation evident in recent 
monitor well ground water level measurements is probably sustained by recharge 
from the alluvium in the subcrop area. 

Tres Hermanos-B and -A Sandstones 

• 

Underiying the Tres Hermanos-C2 Sandstone is an unweathered portion of 
Mancos Shale that acts as an effective aquitard. The shale is approximately 
50 f t (15 m) thick and is of sufficiently low-hydraulic conductivity to impede the 
vertical migration of contaminants. A hydraulic conductivity of 4 x 10'° cm per 
second (1.1 x 10"^ f t per day) was estimated in undisturbed Mancos Shale and is 
probably representative of the vertical hydraulic conductivity of the Mancos 
Shale aquitard that occurs between the Tres Hermanos-C and the Tres 
Hermanos-B Sandstones (Thompson and Heggen, 1981). GrouncI water within 
the Tres Hermanos-B Sandstone unit flows to the northeast in the direction of 
regional dip under a hydraulic gradient estimated to be 0.04 (DOE, 1991). 
Underlying the shale are the Tres Hermanos-B and -A Sandstone units which 
consist of silty sandstone (Figure 5.3). An aquifer test was performed on the 
Tres Hermanos-B Sandstone unit yielding an estimated hydraulic conductivity of 
5 x 1 0 ' ' * cm per second (1.4 f t per day). The water-bearing capacity of the Tres 
Hermanos-B and -A Sandstone units is limited and not much greater than the 
Mancos Shale. 

Based on water levels measured from 1985 to 1995, the Tres Hermanos-B 
Sandstone unit is only partially saturated. Because the unit is relatively thin and 
only partially saturated, its use as a potential aquifer is limited. Furthermore, the 
Tres Hermanos-B Sandstone unit subcrops in the alluvium to the west of the site 
and contamination in the alluvium from the Ambrosia Lake site probably does not 
recharge this unit. A 75-ft (23-m) -thick shaley siltstone unit underiies the Tres 
Hermanos-A Sandstone unit and acts as an effective hydraulic barrier to ground 
water f low. 
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Figure 5.7 
Potentiometric Surface Map for Tres Hermanos-Ci Sandstone 
Ambrosia Lake, New Mexico, Site Former 
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9 Figure 5.8 
Potentiometric Surface Map for Tres Hermanos-C2 Sandstone 
Ambrosia Lake, New Mexico, Site 
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Dakota Sandstone 

The Dakota Sandstone consists of fine to medium grained marine sandstone that 
is approximately 40 f t (12 m) thick below the Ambrosia Lake site. The hydraulic 
conductivity of this unit is estimated to be approximately 6 x 10"* cm per second 
(1.7 f t per day) (Brod and Stone, 1981). The Dakota Sandstone is considered an 
aquifer although it has a relatively low yield (less than 10 gal [40 L] per minute) 
and poor water quality, when compared to the underlying Westwater Canyon 
Member of the Morrison Formation (DOE, 1987). Bostick (1985) reports that 
the Dakota Sandstone is present at the land surface near the QMC mill 
approximately 2 mi (3 km) west of the site and that surface water related to the 
QMC processing activities was discharged onto the outcrop of the Dakota 
Sandstone which has caused the contamination of the unit. The discharge of 
contaminated water at the outcrop area and the discharge of water from mill 
tailings placed in surrounding mines are the primary sources of contaminants 
found in the Dakota Sandstone beneath the Ambrosia Lake site. 

Morrison Formation 

The stratigraphic units that comprise the Morrison Formation beneath the site 
include the Brushy Basin Member, Westwater Canyon Member, and the 
Recapture Member. The Brushy Basin Member acts as an aquitard between the 
Dakota Sandstone and Westwater Canyon Member. 

The Westwater Canyon Member is the principal aquifer in the Ambrosia Lake 
Mining District and is also the source of uranium ore. Mine pumping began in 
the mid-1950's to facilitate ore removal from the Westwater Canyon Member. 
Because of the regional mine pumping, a large ground water depression was 
created. Ground water f low within the Westvyater Canyon Member is probably 
downdip toward the northeast or toward the potentiometric depression to the 
southeast under an assumed average hydraulic gradient of 0.026 (DOE, 1991). 
The average hydraulic conductivity in the Westwater Canyon Member is 
approximately 4 x 10"* cm per second (1,1 f t per day) and the average linear 
ground water velocity is approximately 1 x 10"* cm per second (0.3 f t per day) 
(DOE, 1991), The Recapture Member acts as an aquitard beneath the 
Westwater Canyon Member because of its thickness (165 f t [50 m]) and low 
permeability. 

5.1.4 Background ground water quality 

Because there was originally no measurable water in the alluvium/weathered 
Mancos Shale unit and the Tres Hermanos-C Sandstone units, premining ground 
water quality data are not available. Consequently, the background ground 
water quality in the uppermost aquifer is considered to be the same as existing 
water quality because former mining and milling activities created the saturated 
conditions (Bostick, 1985). Geochemical modeling shows that the ground water 
within the alluvium/weathered Mancos Shale is derived from tailings seepage 
and mill makeup water (DOE, 1991). The mill makeup water was generated 
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from mine pumping discharge. Modeling results are^presented in the remedial 
action plan (Table D.8,25 of DOE, 1991). . . , - . . . 

5,1.5 Ground water quality and extent of contamination 

To define the extent of contaminated ground water at the Ambrosia Lake site, 
water samples were collected from a DOE monitor well network from 1980 
through 1995, Figure 5,2 shows a portion of the DOE monitor well network 
used to determine current site conditions. Water samples collected from this 
monitor well network have been analyzed to assess the chemical quality of 
ground water iri the alluvium/weathered Mancos Shale, the Tres Hermanos-C, -B, 
and -A Sandstones, and the Westwater Canyon Member of the Morrison 
Formation, 

The majority of the contaminated ground water contained in the alluvium/ 
weathei:ed-MancQsJShale_unit-andJxes_Hermanos-C Sandstone units in the-area 
of the milling site was derived from water pumped from the Ann Lee Mine-mill 
process waste water, and some tailings seepage. Because of the large ground 
water depression created by mine pumping, ground water from all overlyJng-UnLts_ 

. • will tend to migrate downward through mine shafts and vent holes into the 
Westwater Canyon Member of the Morrison Formation. 

Alluvium/weathered Mancos Shale 

Pore water from tailings at the Ambrosia Lake site contained as much as 
11,000 mg/L sulfate (DOE, 1991), Sulfate is a good indicator of ground water 
contamination because it is a by-product of milling operations, travels at about 
the same rate as ground water, and is usually in low concentrations in 
uncontaminated ground water, A sulfate isopleth map (Figure 5.9) is used to 
define the extent of tailings-related contamination and, very likely, the extent of 
ground water in the alluvium/weathered Mancos Shale at the site. Monitor .well 
620 is located more than 1200 f t (370 m) southeast of the ground water 
mound. The contaminated ground water in this well, as indicated by 
significantly high sulfate concentrations, is assumed to be derived from the 
former holding ponds located to the east and from transient drainage from the 
tailings pile that occurred prior to site remedial action. From 1980 through 
1994, maximum observed concentrations of arsenic, cadmium, chromium, 
molybdenum, nitrate, selenium, silver, uranium, and the activities of gross alpha, 
radium-226, and radium-228 in samples collected from monitor wells completed 
in the alluvium/weathered Mancos Shale exceeded the maximum concentration 
limits (MCL) for ground water listed in 40 CFR Part 192, as revised by 60 FR 
2854 (Table 5.2) (DOE, 1995). 

The Tres Hermanos-Ci Sandstone is separated from the underlying Tres 
Hermanos-Ca Sandstone by a 10- to 15-ft (3- to 5-m) -thick shale unit. This 
shale unit retards downward migration of contaminants, resulting in^slightly 
higher levels of contamination in the Tres Hermanos-Ci Sandstone (Table 5.3), 
compared to values in the Tres Hermanos-C2 Sandstone (Table 5.4). There are 
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Figure 5.9 
Sulfate isopleth Map For Ground Water in the Alluvium/Weathered Mancos Shale 
Ambrosia Lake, New Mexico, Site 
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Table 5.2 Maximum observed concentrations of listed constituents in monitor wells 
located in the alluviiim/weathered Mancos Shale at the Ambrosia Lake, New 
Mexico, site, 1980 to 1994 

Constituent" 

Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

Mercury 

Molybdenum 

Nitrate 

Selenium' 

Silver 

Combined 
Uranium-234 
and-238 

Gross alpha 
(excluding 
radon and 
uranium) 

Combined 
Radium-226 
and -228 

MCL" 

0,05 

1 

0.01 

0.05 

0,05 

0.002 

0.1 

44" . 

0,01 

0,05 

. 0,044° 

15 

5 

620 

0,01 

0,1 

< 0,001 

0,16" 

0,02 

< 0,0002 

0,5" 

12,1 

0.07" 

0,04 

8.22" 

5300" 

9.13" 

Maximum observed concentration' 

674 

0.02 

<0.1 

0,003 

<0.01 

0,03 

< 0.0002 

9,81" 

69" 

3,1" 

0,01 

10.7" 

2200" 

0.8 

Monitor wells 

675 
Img/L) 

0.02 

0.01 

0,003 

<0,01 

0,02 

<0,0002 

2.72" 

252" 

0.51" 

0,02 

2,083" 

pCI/L 

1700" 

4,03 

706 

0,33" 

• <0,1 

<0,001 

0,06" 

0,02 

< 0,002 

225" 

25 

0,088" 

0.15" 

11.1" 

15,000" 

131,8" 

792 

0.016 

<0.1 

0.01 

0,28" 

0,02 

0.0007 

1,87" 

1.8 

2,22" 

0,11" 

3,31" 

2400" 

6.85" 

793 

. 0.016 

<0.1 

0.013" 

0.28" 

0,02 

0.0003 

2,01" 

830" 

2,1" 

0.11" 

0,393" 

320" 

2,3 

"All concentrations are in mg/L unless stated otherwise. 
"Constituents and maximum concentration limits (MCL) from Table 1 of 40 CFR Part 192, as 
revised by 60 FR 2854. 

"Exceeds MCL. 
"The MCL for nitrate as (N) is 10 mg/L. 
"The uranium concentration of 0,044 mg/L is equivalent to 30 pCI/L, which is the MCL, 
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Table 5.3 Maximum observed concentrations of listed constituents in monitor wells 
located In the Tres Hermanos-Ci Sandstone at the Ambrosia Lake, New 
Mexico, site, 1980 to 1994 

Constituent'' 

Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

Mercury 

Molybdenum 

Nitrate 

Selenium 

Silver 

Combined Uranium-234 and 

Gross alpha (excluding rador 
uranium) 

Combined Radium-226 and -

-238 

1 and 

228 

MCL" 

0.05 

1 

0.01 

0.05 

0,05 

0.002 

0,1 

44" 

0,01 

0.05 

0.044^ 

15 

5 

Maximum observed concentration" 

Monitor wells 

778 

(mg/L) 

0.022 

<0 .1 

0.014"= 

0.22° 

0.02 

0.0005 

0.16*= 

430*= 

0.28" 

0,06'' 

11,8" 

pCi/L 

9400" 

7.93" 

786 

0.02 

0.3 

0,013" 

0,14" 

0,02 

0.0003 

0.34" 

55" 

0.78" 

0.02 

2.88" 

1300" 

9.92" 

^All concentrations are in mg/L unless stated otherwise. 
''Constituents and maximum concentration limits (MCL) from Table T of 40 CFR Part 192, 
as revised by 60 FR 2954. 

"Exceeds MCL. 
''The MCL for nitrate as (N) is 10 mg/L. 
°The uranium concentration of 0.044 mg/L is equivalent to 30 pCi/L, which is the MCL, 
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Table 5.4 Maximum observed concentrations-of listed constituents in monitor wells 
located in the Tres Hermanos-C2 Sandstone at the Ambrosia Lake, New Mexico, 
site, 1980 to 1994 

Maximum observed concentration' 

Monitor wells 

MCL" 779 785 787 .677 676 

Constituent'' 

Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

Mercury 

Molybdenum. 

Nitrate 

Selenium 

Silver 

Combined 
Uranium-234 and 
-238 

Gross alpha 
(excluding radon and 
uranium) 

Combined 
Radium-226 and 
-228 

0.05 

1 

0.01 

0.05 

0.05 

0.002 

0,1 
44d 

0.01 

0.05 

0.044^ 

15 

5 

0.025 

0.3 

0.016" 

0.22" 

0.02 

0.0006 

0.14" 

2.29 

0.092" 

0.05 

0.0238 

74" ^ 

5,6" 

(mg/L) 

0,012 

0.1 

0.024" 

0.24" 

0.02 

0.0006 

0.35" 

20 

0.324" 

0.08" 

3.30" 

0.019 

0.01 

0,012" 

0,23" 

0,02 

0.0004 

0.25" 

29 

0.054" 

0.09" 

0.018 

pCi/L 

1900" 

10.51" 

57.4" 

4.2 

<0 .01 

0.01 

0.004 

<0 .01 

0.05 

< 0.0002 

0,024 

6.9 

0.037" 

<0 .01 

0.016 

29" 

6,45" 

<0 .01 

0.01 

0,003 

<0 ,01 

0.04 

< 0,0002 

0.595" 

25.6 

0 .091" 

<0 .01 

0.207" 

85.9" 

24,12" 

°AII concentrations are in mg/L unless stated otherwise, 
''Constituents and maximum concentration limits (MCL) from Table 1 of 40 CFR Part 192, 
as revised by 60 FR 2854. 
"Exceeds MCL. 
''The MCL for nitrate as (N) is 10 mg/L. 
°The uranium concentration of 0.044 mg/L is equivalent to 30 pCi/L, which is the MCL. 
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insufficient data to compile a sulfate isopleth map for the Tres Hermanos-Ci 
Sandstone. A sulfate isopleth map (Figure 5.10) shows the approximate extent 
of tailings-related contamination in the Tres Hermanos-C2 Sandstone, This map 
indicates that contamination has moved farther downgradient to the northeast as 
compared to Figure D.8,24 in the remedial action plan (DOE, 1991), From 1980 
through 1994, maximum observed concentrations of cadmium, chromium, 
molybdenum, nitrate, selenium, silver, uranium, and the activities of gross alpha, 
radium-226, and radium-228 in samples collected from monitor wells completed 
in the Tres Hermanos-C2 Sandstone exceeded the MCLs for ground water (Table 
5.4), Maximum concentrations of several parameters in the Tres Hermanos-C 
sandstone units have increased over those of previous years indicating that 
contamination is moving downgradient (DOE, 1995), 

Units below the Tres Hermanos-C Sandstone 

Water bearing units below the Tres Hermanos-C Sandstone include, in 
descending order, the Tres Hermanos-B and -A Sandstones, the Dakota 
Sandstone, and the Westwater Canyon Member of the Morrison Formation, 
Ground water from monitor wells completed in these units does not appear to be 
affected by site-related contamination. 

From 1989 to 1994, nitrate levels increased in monitor well 678, which is 
completed in the Tres Hermanos-B Sandstone (DOE, 1995). This increase is 
probably not related to uranium processing at the Ambrosia Lake site because it 
is not accompanied by increases in other relatively mobile site-related parameters 
(e.g. molybdenum, sulfate, or uranium), and nitrate concentrations in monitor 
well 678 (approximately 3400 mg/L) are much higher than average 
concentrations found in tailings pore fluids (approximately 1400 mg/L). 
Furthermore, the Tres Hermanos-B Sandstone is hydrologically isolated from the 
alluvium/weathered Mancos Shale unit at the site (see Section 5.1.3). The 
relatively high nitrate levels are most likely related to releases from the QMC 
tailings pile (DOE, 1995). 

The Westwater Canyon Member is the primary source of uranium ore in the area 
and was the focus of intense mining-related activity. Thus, mining activities not 
related to UMTRA Project site tailings seepage introduced many other sources of 
contamination into the Westwater Canyon Member. The DOE made a 
comparison of concentrations of contaminants in the Tres Hermanos-C 
Sandstone with the Westwater Canyon member (Table D.8.26 of DOE, 1991) 
and concluded that, in general, concentrations of site contaminants in the Tres 
Hermanos-C Sandstone are lower. This suggests that seepage from the Tres 
Hermanos-C Sandstone ground water will produce no increases in the 
concentrations of contaminants in the Westwater Canyon Member. 

5.2 GROUND WATER MONITORING PLAN 

No ground water monitoring is required for the long-term surveillance program at 
the Ambrosia Lake disposal site for compliance with ground water protection 
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Figure 5.10 
Sulfate Isopleth Map for Ground Water in the Tres Hermanos-C2 Sandstone 
Ambrosia Lake, New Mexico, Site , Former 
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Standards at 40 CFR Part 192, Subparts A and C, as revised by 60 FR 2854, or 
for demonstration of disposal cell performance. The DOE has adequately 
justified that the proposed supplemental standards are protective of human 
health and the environment and has demonstrated that the remedial action 
comes as close to meeting the otherwise applicable standards as is reasonable 
under the circumstances. Consequently, the NRC has concurred in the 
application of supplemental standards at the Ambrosia Lake disposal site and the 
exemption of both the compliance and performance elements of ground water 
monitoring requirements (NRC, 1990). 

The DOE conducted the last scheduled sampling.event for the Ambrosia Lake 
site in August 1995. This event completed the water sampling requirements for 
the surface remedial action program. The need for additional characterization or 
ground water sampling is not expected for compliance with 40 CFR Part 192 
Subpart B, as revised by 60 FR 2854. The rationale for not monitoring ground 
water further is discussed in Appendix E of the Ambrosia Lake remedial action 
plan (DOE, 1991). Attachment 1 contains a copy of the transmittal letter for the 
NRC's technical evaluation report (NRC, 1990) concurring with the remedial 
action plan and the ground water protection strategy. 

If subsequent evaluations conducted as part of the DOE UMTRA Ground Water 
Project identify a need to continue ground water monitoring at the Ambrosia 
Lake disposal site, the scope of the monitoring program will be addressed in a 
future revision of the LTSP. 
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6.0 SITE INSPECTIONS 

Routine inspections of the Ambrosia Lake disposal site will be conducted to detect 
progressive change caused by slow-acting natural processes and to identify potential 
problems before the need for extensive maintenance, repairs, or corrective action. The 
findings from these inspections will be compared to initial baseline conditions to provide a 
basis for future inspections. 

Each site inspection must be thoroughly documented. An inspection report will be prepared 
that identifies the findings of the inspection and that records any changes to the disposal 
cell and site over time. Copies of the report will be submitted to the NRC and will be 
placed in the Ambrosia Lake DOE permanent site file (Section TOTD"). 

The three types of site inspections are as follows: 

• Routine annual or scheduled site inspections, 
• Follow-up inspections. 
• Contingency inspections. 

The requirements discussed in this section apply to the conduct of routine annual or 
scheduled site inspections. Additional requirements for follow-up or contingency 
inspections are discussed in Section 7.0. 

6.1 INSPECTION FREQUENCY 

The Ambrosia Lake disposal site will be inspected annually for the first 5 years 
after licensing. At the end of the 5-year period, the GJPO will evaluate the need 
to continue annual inspections, basing its recommendation on an evaluation of 
the annual reports and any other reports filecTfor maintenance or unsciiecluled 
events. If it is determined that less frequent inspections are required, the GIlPO 
will modify the LTSP and submit it to the NRC for acceptance. Subsequent 
routine inspections will be considered scheduled site inspections. 

6.2 INSPECTION TEAM 

The inspection team will consist of a chief inspector and one or more assistants. 
The chief inspector will be a geotechnical engineer, a civil engineer, or an 
engineering geologist knowledgeable in processes that could adversely affect the 
site (e.g., geomorphic agents of change). A plant specialist or other qualified 
person will periodically participate in site inspections. If the annual or scheduled 
inspection does not coincide with the general growing season, the plant 
specialist may conduct a separate inspection at a more favorable time. 

When they are needed for follow-up or contingency inspections, the team will 
include additional technical experts to assess the problems under investigation. 
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For example, a follow-up inspection by a plant specialist may be required if an 
inspection team reports significant plant growth on the rock cover. 

6.3 PREPARATION FOR INSPECTION 

Before each inspection, inspectors will complete the following tasks: 

• Review the final LTSP, the permanent site file, the previous site inspection 
report(s) and site inspection map(s), and all maintenance or corrective action 
reports. 

• Prepare the site inspection checklist based on previous inspections or 
repairs; incorporate any needed modifications. 

• Verify and update the names and telephone numbers of all parties with 
whom access or notification agreements have been executed. 

• Verify the DOE 24-hour telephone number and appropriate agency telephone 
numbers and contacts; arrange to modify the entrance sign, as needed. 

• Schedule the site inspection. 

• Assemble all equipment needed for the inspection. 

• Adjust the magnetic declination of the Brunton compass for that of the 
Ambrosia Lake area. 

• Notify the NRC, QMC, and, if appropriate, the state of New Mexico and 
adjacent land owners of the schedule for the forthcoming inspection. 
Names and addresses qf adjacent land owners are in the Ambrosia Lake 
permanent site file. 

• Obtain key to gate lock if QMC installs a gate on the access road (see 
Section 2.3). 

6.4 ROUTINE SITE INSPECTION 

The routine site inspection will cover the disposal cell, the surrounding disposal 
' site area, and the immediate off-site areas. The most significant modifications 

from natural processes likely will be on the slopes of the disposal cell and in and 
around the apron. Plant, animal, and human intrusion can also cause 
modifications to the engineered components of the disposal cell. Site 
inspections must be able to identify any significant changes or active modifying 
processes that could potentially adversely impact the disposal cell or the debris 
pit. Surveillance should be performed to identify unanticipated effects of 
modifying processes such as severe gully formation, unusually high rate of slope 
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erosion, significant changes to vegetation, ephemeral drainage channel changes, 
and significant modifications by humans or animals. , 

6.4.1 On-site areas 

The integrity of the disposal cell will be evaluated from a series of transects 
walked around the perimeter; along the base, crest, and sideslopes; and in and 
around the apron. Sufficient transects must be walked so that the disposal cell 
is thoroughly covered and inspected. Diagonal transects of the crest will be 
made, and the edge of the crest will be walked. Additional transects, at 
approximately 50-yard (50-m) intervals, will be walked along the sideslopes and 
rock apron. Transects along the entire length of the drainage swales will be 
made to determine whether they have been functioning as designed and can be 
expected to continue to function properly. 

The complete length of transects along the engineered disposal cell and its 
immediate perimeter will be examined for evidence of the following: 

Structural instability resulting from differential settlement, subsidence, 
cracking, sliding, or creep. 

Erosion as evidenced by developing rills or gullies. 

Sedimentation or debris buildup. . 

Rapid rock cover deterioration caused by weathering or erosion. 

Seepage from the disposal cell. 

Intrusive activity (inadvertent or deliberate) by humans such as removal of 
rock or other disposal cell material or vandalism. , 

Burrowing or other significant disturbance by animals. 

Volunteer plant growth on the rock-covered slopes of the disposal cell. 

At minimum, the surrounding disposal site area will be monitored for evidence of 
erosion caused by wind, sheet wash, or changes in drainage patterns. Site 
inspections also will monitor damage to or disturbance of the following features: 

• Permanent site-surveillance features. 
• Ground water monitor wells. 
• Drainage swales. 
• Planned site-area vegetation (see below). 
• Vent shafts. 
• Demolition debris pit. 
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The disposal cell has a rock cover and there is no planned vegetation on the 
disposal cell. However, remedial action of the areas surrounding the disposal 
cell included revegetation with grasses and forbs (Table 6.1). The area 
surrounding the disposal cell will be monitored during site inspections to 
determine the success of the revegetation efforts. 

6.4.2 Off-Site areas 

The area within a maximum of 0.25 mi (0.40 km) from the disposal site 
boundary will be visually surveyed from the disposal site for evidence of land-use 
changes that indicate increased human activity such as renewed grazing or 
mining. New roads or paths, changes in vegetation, and relevant geomorphic 
features like gullies or ephemeral drainage channels will also be observed and 
potential impact noted. Inspectors should avoid trespassing on private property 
surrounding the site. If there is a need for closer inspection of off-site features, 
inspectors shall obtain permission in advance from the property owner. 

A restrictive easement on QMC property west of the disposal site (Tract 2B-E) 
allows the DOE access to carry out the requirements of this LTSP (see 
Figure 1.1 and Attachment 2). Conventional mining is restricted within 400 f t 
(120 m) of the westerly edge of the disposal cell; however, QMC retains mineral 
rights in this area and any resumption of solution mining should be noted. QMC 
is required to maintain the woven wire and barbed wire fencing to the south and 
west of the disposal site and the cattle guard across the access road at the site 
entrance for 5 years (Charlton, 1995). The fencing and cattle guard will be 
inspected to determine if this maintenance requirement is being met. The vent 
shaft outside the west side of the site will be monitored during site inspections 
to determine if the property owner permanently closes it. If the shaft is closed, 
information oh the closure method should be obtained for the site file. 

Off-site DOE monitor wells shall be inspected until they are properiy abandoned. 

6.5 SITE INSPECTION DOCUMENTATION 

All site inspection activities and observations should be recorded and described. 
using the site inspection checklist, site inspection map, a field notebook, 
photographs, and logs. Documentary evidence of anomalous, new, or 
unexpected conditions or situations must be sufficient to record developing 
trends and to enable the responsible agency to make reasonable decisions 
concerning follow-up inspections, custodial maintenance, and corrective action. 
A site inspection report will be prepared documenting the findings and 
recommendations from each field inspection. 

6.5.1 Site inspection checklist 

The initial site inspection checklist (Attachment 4) is a guideline for the 
inspectors to prepare for and conduct site inspections. All checklist items 
should be completed. Annotations should be made on the checklist to add more 
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Table 6.1 Revegetation seeding 

• 

Location and seed species 

mixes. Ambrosia Lake, New Mexico, 

SITE INSPECTIONS 

site 

Seeding rate 

Live seed pounds 
(kg/ha) 

per acre 

Drainage swales and ditches 

slender wheatgrass (San Luis) 6 (1) 

western wheatgrass (Arriba) 6(1) 

Final grade, except drainage swales and ditches 

western wheatgrass (Arriba) 6 (1 ) 

Indian ricegrass (Paloma) 6 (1 ) 

alkali sacaton (native) 2 (0.4) 

sand dropseed 2 (0.4) 

four-wing saltbush (native) 2 (0.4) 

Rocky Mountain penstemon (Bandera) 1 (0.2) 

kg/ha - kilograms per hectare. 

detailed information and all entries must be cleariy stated and legible because 
the completed checklist becomes part of the permanent field record of the 
inspection. Upon completion of the field inspection. Section D of the site 
inspection checklist (Attachment 4) must be completed and the certification 
statement must be signed. 

After each inspection is complete, the checklist may be revised, if necessary, to 
include new information or to delete items that are no longer pertinent. 
Revisions to the checklist will be documented in the inspection report. 

6.5.2 Site inspection maps 

The disposal site baseline map (Plate 1) will serve as the base for preparing the 
site inspection map. The inspection team will use copies of the site inspection 
map during site inspections and annotate these field maps as necessary to 
record pertinent information. 

A new site inspection map will be prepared after each scheduled inspection for 
inclusion in the inspection report. The site inspection map must include the 
following information: 

• Inspection traverses. 
• Photographic locations. 
• Locations and descriptions of any new, anomalous, or unexpected features. 
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• Features identified during previous inspections for observation or monitoring. 
• Inspection date and type of inspection. 

Upon completion of the field inspection, the annotated inspection map may be 
used to prepare overlays for the as-built drawings or revise the drawings to note 
any potential problems or other site conditions requiring attention. 

6.5.3 Site inspection photographs 

A photographic record of the site inspection must be maintained. Site conditions 
should be documented by ground photographs to record developing trends and 
to enable the DOE to evaluate the need for and extent of future activities. If 
possible, any site feature or condition requiring inspectors to make a written 
comment, explanation, or description will be photographed. A site inspection 
photo log will be used to record the photographs (Attachment 3). A separate 
photo log should be completed for each roll of exposed fi lm, with an entry for 
each photograph. All features will be photographed and recorded as specified 
below. The inspectors may determine the number of photographs, the view 
angles, and the lenses used to ensure that sufficient photographs are taken for 
agency review. 

If possible, a photograph will include a reference point such as a survey 
monument, boundary monument, site marker, or monitor well. For large-scale 
features such as drainage swales or disposal cell slopes, a north arrow and a 
scale will be included for reference. For specific areas where a photograph is 
used to monitor change over time, the distance from the feature and the azimuth 
should be recorded, and all subsequent photographs should be taken from the 
same orientation to provide an accurate picture of changing conditions. The 
magnetic declination of the compass should be corrected for true north. This 
information will also be provided on the inspection checklist and photo log. 

Features to be photographed 

The following site features should be documented with photographs during 
scheduled inspections at the Ambrosia Lake disposal site: 

• Permanent site-surveillance features (Section 4.0) and survey control point 
for site grid coordinate system. 

• ' Access road. 

• Drainage swales and debris pit area. 

• The disposal cell (top, sides, apron, and surrounding area). Panoramic 
sequences of photographs from selected vantage points may be used for 
this purpose. 
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Vent shafts. 

Any evidence of erosion (e.g., gullies, rivulets, and rills) that the inspector 
considers significant and includes in the text of the inspection report. 

Any off-site features that may affect the site in the future and that the 
inspector considers significant and includes in the inspection report. 

Vegetation (site area and disposal cell slopes). 

Monitor wells (until abandoned). 

6.5.4 

Any new or potential problem areas identified during a site inspection must be 
well documented with photographs. Photographs should also be taken to record 
developing trends and to allow inspectors to make reasonable decisions 
concerning additional inspections, custodial maintenance or repairs, or corrective 
action. All site inspection photographs, as well as all corresponding photo log 
forms, will be maintained in the permanent site file. 

Site inspection report 

Jhe GJPO will prepare a site inspection report after every routine site inspection 
that discusses scope of the inspection, observations made, and conclusions 
drawn from the inspection. At a minimum the inspection report will include: 

Narrative of site inspection including a description of the site conditions. 

Site inspection checklists, including the signed inspection certification, and 
any relevant supporting documentation. 

Site inspection map and other drawings, maps, or figures, as required. 

Inspection photographs and photo log sheets. 

Recommendations for additional follow-up inspections, custodial 
maintenance, or repairs, if required. 

Custodial maintenance or repair report and certification, if any was 
performed. 

If new conditions requiring monitoring or immediate action are discovered during 
the inspection, the inspection report will detail any observed modifying features, 
and will include a description of the problem, relevant measurements and 
photographs, and an assessment of possible impacts. The description of the 
modifying process will include information such as the following: 

• Extent of area affected. 
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• Number, spacing, length, depth, and width of features (e.g., gullies), 
• Locations and patterns of occurrence. 
• Species, location and density of volunteer plant growrth. 

Evidence of deliberate and repeated human intrusion such as cover removal, 
extensive vandalism to signs and monuments, or the presence of well-
established trails will be described in detail. While inadvertent or casual intrusion 
by humans is not of great concern, all signs of vandalism will be noted since 
evidence of continued vandalism may indicated the need to implement more 
active measures to control site access. 

All site inspection reports, as well as all supporting documentation, will be 
maintained in the permanent site file. 
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Ambrosia Lake, New Mexico, 
Disposal Site 

FACT SHEET 

This fact sheet provides information about the Uranium Mill Tailings Radiation Control Act of 1978 
Title I disposal site located at Ambrosia Lake, New Mexico. The site is managed by 

the U.S. Department of Energy Office of Legacy Management. 

9 

Site Description and History 
The Ambrosia Lake Disposal Site is a former uranium 
ore processing facility in McKinley County, approxi
mately 25 miles north of Grants, New Mexico. The site 
is in tine Ambrosia Lake Valley, a broad, elongate valley 
dominated by desert grassland plant communities and 
basaltTcapped mesas to the north. The site is within 
the Ambrosia Lake Mining District, near the center of 
the Grants Mineral Belt. Decommissioned uranium 
mills, abandoned underground mines, mine shafts and 
vents, ore piles, tailings piles, and heap leach piles are 
close to the site. The area surrounding the.jriillsite is 
sparsely pcjpulateci,,',,. '. " , ^.' ''['' , 

The former millprocessed more than 3 million tons 
pf uraijium ore between 1958 and 1963 and, provided 
uranium for U.S. Government national defense ;pro-
grams. HfTiffipO'etroleum company puilt'the onginal 
mill attheAmbrosia Lake site'ln-1957 to process • 
ore from nearby mines. United Nuclear Corporation 
[jurchased.alid operated the millTor a brief jjeriod in 
1963, then ceased milling operations but.retained-: 
ownersRlpToTlhe site. IJTIIie'late'fSijGs to ear|y~1^980s, 
UTTTteyRuclear Corporation operated an ion exchange 
system, extracting uranium from hiirie water. All mill 
operations ceased Jh 1982, leaving radioactive rhill 
tailings, a predominantly sandy material, on approxi
mately I i i .acres. Wind ahd.water erosion spread 
some of the tailings across a 23b-acre area. 

The U.S. Department of Energy ^DOE^ remediated 
the Ambrosia Lake site and local contaminated 
vicinity properties between 1987 and 1995. Surface 
remediitlon consi^ecl pt consoli^ting and encapsulat-
\pg all contaminateq matenai pn site In an .engineered 

^disposal cell, the disposal cell occupies 91 acres oTa' 
' 290-acre tract o^ land. 

9 

Regulatory Setting 
Congress passed the Uranium Mill Tailings Radiation 
Control Act (UMTRCA) in 1978 (Public Law 95-604). 
which required the cleanup of 24 iriactive urianium ore-
processing sites. DOE remediated these sites under 
the Uranium Mill Tailings Remedial Action Project 
in accordance with standards promulgated by the 
U.S. Environmental Protection Agency in title 40 Code 
of Federal Regulations (CFR) Part 192. Subpart B of 

NEW MEXICO 

- • Santa Fe 

' Location of the Ambrosia Lake Disposal Site 

40 CFR 192 regulated cleanujD of contahiinated ground 
water at the processing sites. The radioactive materials 
were encapsulated in U.S. Nuclear Regulatoiv 
Commission-approved disposal cells. The U.S. Nuclear 
Regulatory Commission general license for UMTRCA 
Title I sites is established in 10 CFR 40.27. The 
Ambrosia Lake Disposal Site wais included unijer 
the general license in 1998. ' '-

Disposal Site 
The disposal cell was closed in 1995 upon encapsula
tion of the tailings and completion of the cell cover. The 
cell contains 6.9 million dry tons (about 5.2 million cubic 
yards) of cofitaniinated material, wjth a total activity of 
1,850 curies of radium^ii^b. '-

Tlie uppermost aquifer beneath the site consists of 
alluvium (river.deposits), sandstone, and weathered 
shale. The maximum ttiickness ofthe aquifer is 
approximately 175 feet; the maximum saturated 
thickness is 25 feet. This uppermost aquifer is not a 
current or potential source of drinking water because 
of low yielii. 



e-INCH-THICK 
RIPR/U> LAYER ^ 
ON TOP SLOPE 

12-INCH-THICK 
RIPRAP UYER 

"ON SIDE SLOPE 
64NCH-THICK 

~ BEDDING UYER 
30.iNCH.tHICK 
LOW.PERMEABILrTY 
RADON BARRIER 

3^^00T-THICK 
ERC^ION PROTECTION APRON 

VERnCAL EXAGGERATION 
NOTTOSC/U£ 

a-FOOrTHICK 
EROSION PROTECTION APRON 

M-.\LtS\tll\00Ol\O4\OO1\SO12l2\S0iai?0O.D*<C 07/28/04.3;29pm JSOlgt 

South-North Cross Section ofthe Ambrosia Lake Disposal Site 

Compliance Strategy 

The ground water compliance strategy for the 
Ambrosia Lake Disposal Site is no remediation and the 
application of supplemental standards. The strategy of 
supplemental standards may be applied at UMTRCA 
sites where ground water in the uppermost aquifer is 
classified as limited use because it meets any of several 
criteria. Giround water at the Ambrosia Lake site meets 
the criterion of low yield, that is, tlife quantity of water 
reasonably available for sustained continuous use is 
less than 150 gallons per day (40 CFR 192.11[e]). Past 
milling bperatioris, such as wastevyater disposal and 
seepage from the tailings pile, supplied most of the 
water that recharged the aqijifer. Those sources no 
longer exist, and the tailings and other contaminated 
rhaterialslare ehcaJDsijIated in all engineered disposal 
cell. The alluvium is expected to i'e'turh to the conditions 
of little tq.no satLiration that prevailed before milling 
and mining began in the area. Because ground water 
is not a,present or potential resource, no monitoring 
is require|l at the, site. However,; at the request ofthe 
New iviexico Environment.Department, DOE samples 
two monitor wells every 3 years to monitor cell 
performai;ice. 

Disposal Cell Design 

The rectangular disposal ceil rneasures approximately 
2,500 feet by 1,600 feet, including the toe apron. 
The cell rises approximately 50 feet above the 
surrounding terrain. 

The cover of the Ambrosia Lake disposal cell is a 
multicomponent system designed to encapsulate and 
protect the contaminated materials. The cJ[sposal cell 
cover comprises (1) a low-'pernieab1Jity radon barrier 
(first layer placed over compacted tailings) consisting 
of compacted clayey soil, (2) a bedding layer of granular 
bedding material, and (3) a rock (riprap) erosion-
protection layer for the top and side slopes. 

A rock apron of larger diameter riprap surrounds the 
toe of the disposal cell. The ground immediately 
adjacent to the cell perimeter has been graded away 
from the cell to protect the site from storm water runoff. 
Disturbed areas have been successfully revegetated. 

Legacy Management Activities 
DOE manages the disposal site according to a site-
specific Long-Term Surveillance Plan'tb ensure that 
the disposal cell systems continue to prevent release 
of contaminants to the envii^briment. Under provisions 
of this plan, DOE conducts annual inspections ofthe 
site to evaluate the condition of surface features, 
performs site maintenaince as necessary, and samples 
two monitor wells every 3 years. The encapsulated 
materials will remain potentially hazardous for 
thousands of years. 

In accordance with 40 CFR 192.32, the disposal cell is 
designed tb be effective for 1,000 years, to the extent 
reasonably achievable, and, in any case, for at least 
200 years. However, the general license has nd 
expiration date, arid DOE's responsibility for the safety 
and integrity of the Ambrosia Lake Disposal Site will 
last indefinitely. 

Contacts 
Site-specific documents related to the Ambrosia Lake 
Disposal Site are available on the DOE Office of 
Legacy Management website at 
http://www.LM.doe.gov/land/sites/nm/amb/amb.htm. 

For more information about the DOE Office of Legacy 
Management activities at the Ambrosia Lake Disposal 
Site, contact 

U.S. Department of Energy 
Office of Legacy Management 
2597 By4 Road, Grand Junction, CO 81503 

(970) 248-6070 (monitored continuously), or 
(877) 695-5322 (toll-free) 

10/2007 

http://www.LM.doe.gov/land/sites/nm/amb/amb.htm
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ENVIRONMENTAL ASSESSMENT OF 
REMEDIAL ACTION AT THE AMBROSIA LAKE 

URANIUM MILL TAILINGS SITE 
AMBROSIA LAKE, NEW MEXICO 

U.S. DEPARTMENT OF ENERGY 

ABSTRACT 

This document assesses and compares the environmental impacts of various 
alternatives for remedial action at the Ambrosia Lake uranium mill tailings 
site located near Ambrosia Lake, New Mexico. The designated site covers 196 
acres and contains 111 acres of tailings and some of the original mill struc
tures. The Uranium Mill Tailings Radiation Control Act (UMTRCA), Public Law 
95-604, authorizes the U.S. Department of Energy to clean up the site to 
reduce the potential health impacts associated with the residual radioactive 
materials remaining at the site and at associated properties off the site. 
The U.S. Environmental Protection Agency promulgated standards for the 
remedial action (40 CFR Part 192). Remedial action must be performed in 
accordance with these standards and with the concurrence of the Nuclear 
Regulatory Commission. The proposed action is to stabilize the tailings at 
their present location by consolidating the tailings and associated contami
nated materials into a recontoured pile. A radon barrier would be constructed 
over the pile and various erosion protection measures would be taken to assure 
the long-term stability of the pile. Another alternative which would Involve 
moving the tailings to a new location is also assessed in this document. This 
alternative would generally involve greater short-term Impacts and costs but 
would result in stabilization of the tailings at an undeveloped location. The 
no action alternative is also assessed in this document. 

For more information contact: 

James R. Anderson 
UMTRA Project Manager 

U.S. Department of Energy 
UMTRA Project Office 

5301 Central Avenue, NE, Suite 1720 
Albuquerque, New Mexico 87108 

505/844-3941 
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1.0 SUMMARY 

1.1 PROJECT SUMMARY 

The Ambrosia Lake tailings site is located approximately 20 air 
miles north of the town of Gran\ts in McKinley County, New Mexico (Figure 
1.1). The site is situated in the Ambrosia Lake valley in the Grants 
Uranium District. In the 1970s, the Grants Uranium District was one of 
the most active in the U.S., having between 38 and 45 mines in operation 
within a 50-mile radius of Grants, New Mexico. After the collap^ip of thp 
domestic uranium market 1n_the early "1980s, the majority of mines and 

rsupport operations closed."Businesses that supported the mining Industry 
were similarly adversely affected. By the end of 1986, only two mines 
were in operation. Both mines, which are located within six miles of the 
Ambrosia Lake site, employ about 235 workers. Ore from Chevron's Mt. 
Taylor mine Is shipped to Its mill in Panna Maria, Texas; the Homestake 
mining operation uses its mill approximately 10 miles northwest of Grants. 

The topography of the area surrounding the Ambrosia Lake site 
consisTs of broad valleys separated by elongated mesas. Small ephemeral 
streams drain the immediate area toward the southwest. 

The Ambrosia Lake area is semi-arid with annual precipitation less 
than 11 inches" Plant species common fo Hie area inc lude Russian 
thistle^ squirreltail grass, and snakeweed. The dominant land uses are 
grazing and uranium mining. The closest town is San Mateo (unincor
porated) approximately 15 air miles southeast. The immediate area 
surrounding the tailings site is very sparsely populated. The nearest 
residence is more than two miles away; approximately 60 people live 
within a six-mile radius. 

The Phillips Petroleum Company built the Ambrosia Lake mill in 1957 
and began operations in 1958. UnTted Nuclear Corporation bought the mill 
in 1963 and ceased operations shortly thereafter. The Ambrosia Lake mill 
was designed to process uranium ores by a closed-circuit carbonate leach 
method. During milling operations, approximately three million tons of 
ore were processed to produce 6536 tons of uranium concentrate (FBDU, 
1981). 

The Ambrosia Lake tailings site consists of the tailings pile and 
the mill site. The existing tailings pile is roughly square In shape 
with a slightly concave top. Dikes composed of native soil and tailings 
have been constructed around the edges of the pile, but no other measures 
to stabilize the pile have been undertaken. The tailings pile covers 
approximately 111 acres and averages approximately 17 feet in depth. 
Approximately 2.7 million cubic yards of tailings are contained in the 
pile. 

The mill site includes the main mill building, offices, a labora
tory, garages, and other structures and equipment (Figure 1.2). The mill 
structures have been abandoned and are in poor repair. 
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Wind and water erosion have spread the contamination over approxi
mately 570 acres surrounding the tailings pile both on and off the 
designated site (Figure 1.1). The main cause of erosion 1s from wind; 
however, surface water has caused some erosion of the dike on the eastern 
edge of the pile. The total volume of contaminated materials. Including 
the tailings and contaminated soils beneath and around the tailings 
(i.e., windblown), is 4.6 million cubic yards. 

Vicinity properties are properties that are located outside a 
designated tailings site boundary and that may have been contaminated by 
tailings dispersed by wind or water erosion or by removal by man before 
the potential hazards of the tailings were known. Vicinity properties 
are typically located by aerial radiological surveys or by on-site, mobile 
gamma ray scanning. Surveys of the Ambrosia Lal<e area resulted in the 
determination that there are no vicinity properties outside the tailings 
site and adjacent area contaminated by windblown tailings. Remedial 
action within the area of windblown contamination would be performed 
concurrently with cleanup of the tailings site. Environmental impacts 
from cleanup of windblown tailings are assessed in this document. The 
potential environmental Impacts of remedial action at vicinity properties 
at other Uranium Mill Tailings Remedial Action (UMTRA) Prbject sites were 
previously assessed in a programmatic environmental report (DOE, 1985). 
Impacts to any vicinity properties associated with the Ambrosia Lake 
tailings outside the tailings site and adjacent area of windblown con
tamination that may be located prior to remedial action are expected to 
be similar to those assessed in the programmatic environmental report and 
are therefore not considered In this EA. 

The principal potential hazard associaited with the tailings results 
from the production of radon, a radioactive decay product of the radium 
contained in the pile. Radon, a radioactive gas, can diffuse through the 
pile and be released into the atmosphere where it and its radioactive 
decay products (radon daughters) may be Inhaled by humans. Increased 
exposure to radon and Its decay products over a long period of time will 
increase the probability that health effects (i.e., cancers) may develop 
in persons living and working near the pile. Exposure to gamma radia
tion, the Inhalation of airborne radioactive particulates, the ingestion 
of contaminated food produced in the area around the tailings, and the 
ingestion of surface and ground waters contaminated by the tailings also 
pose potential hazards. If the tailings are not properly stabilized, 
erosion by wind or water or human removal of contaminated materials could 
spread the contamination over a much wider area and increase the potential 
for public health hazards. 

The Uranium Mill Tailings Radiation Control Act of 1978 (UMTRCA), 
Public Law 95-604 (PL95-604), authorized the U.S. Department of Energy 
(DOE) to perform remedial action at the Ambrosia Lake tailings site 
(as well as at many other sites) to reduce the potential public health 
Impacts from the residual radioactivity remaining in the pile. The 
U.S. Environmental Protection Agency (EPA) promulgated standards (40 CFR 
Part 192) in March, 1983, for this remedial action. 



The proposed remedial action for the Ambrosia Lake tailings is 
stabilization in place. All of the tailings and windblown contaminated 
soils would be consolidated with the existing tailings pile, and the 
resulting pile would be recontoured to have 20 percent sideslopes (five 
horizontal to one vertical) and a gently sloping top. The pile would 
then be covered with a layer of compacted earth to inhibit radon emana
tion and water infiltration. The top and sides of the pile would be 
covered with a layer of sand and rock to protect the pile against ero
sion, penetration by animals, and Inadvertent human Intrusion. Rubble 
and asbestos from demolition of the mill site would be disposed in the 
tailings pile 1n accordance with applicable State and Federal regula
tions. The top of the stabilized pile would average 50 feet above the 
surrounding terrain. Drainage swales would prevent surface runoff from 
concentrating on the pile. Areas disturbed by remedial action would be 
restored in accordance with applicable permits or approvals and released 
for unrestricted use. 

The no action alternative would consist of taking no remedial 
action at the tailings site. The tailings would remain in their present 
location and condition and would continue to be susceptible to erosion 
and unauthorized removal and use by man. 

Disposal of the tailings at the Section 21 alternate disposal site 
would Involve moving all of the contaminated materials to a site approxi
mately one mile north of the existing tailings site (Figure 1.3). This 
land is used primarily for low density livestock grazing. The site is 
approximately 2.5 miles from the nearest residence. The tailings would 
be placed in a partially below-grade pile and covered with compacted 
earth, sand, and rock; mill rubble would be buried below grade similar to 
stabilization in place. The existing tailings site would be restored and 
released for unrestricted use. 

1.2 IMPACT SUMMARY 

This section contains a quantitative listing of the short-term 
(i.e., during 18 months of remedial action) and long-term (i.e., post-
remedial action) environmental impacts of the proposed action (Table 1.1) 
and a brief discussion of the major differences between the proposed 
action and the other alternatives. The impacts presented here are based 
on conservative impact assessment methods and represent a realistic upper 
limit of the severity of the potential impacts for stabilization in place. 

No action alternative 

Selection of the no action alternative would not be consistent with 
the intent of Congress in UMTRCA (PL95-604) and would not result in the 
DOE'S compliance with the EPA standards (40 CFR Part 192). This alterna
tive would result in the continued dispersion of the tailings over a 
wide area by wind and water erosion, and the tailings would not be pro
tected against unauthorized removal by humans. Continued dispersion and 
unauthorized removal and use of the tailings could cause radiological 
contamination of other areas and could result in greater public health 
impacts than those calculated for this alternative. 

-5-
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9 
more ttian 35 percent. Many ofthe soils are sliallow or moderately 
deep to shale or sandstone bedrock. Most are well drained. Most 
are calcareous. The soils at the lower elevations generally have 
significant amounts of calcium carbonate, salts, and gypsum. 

Biological Resources 

This area has three major land resource units. These are the 
desert-salt desert zone, the semi-desert zone, and the upland-
foothill zone. 

The largest and most dominant unit is the desert-salt desert 
zone. This zone occurs at the lower elevations receiving less 
than 8 inches of annual precipitation (205 millimeters). The 
representative vegetation includes Castlevalley saltbush, 
Gardner's saltbush, mat saltbush, greasewood, shadscale, bud 
sagebrush, winterfat, Indian ricegrass, salina wildrye, and 
galleta. Cottonwood and willows grow along riparian zones. 

The semi-desert zone occurs as a narrow 8- to 12-inch (205-
to 305-millimeter) precipitation band. This zone has two 
vegetative subzones. The more extensive subzone includes 
Wyoming big sagebrush, black sagebrush, shadscale, fourwing 
saltbush, Mormon tea, Indian ricegrass, and galleta. The other 
subzone occurs mostly in the area ofthe San Rafael Swell in 
Utah. This subzone is similar to the other subzone but lacks 

^ ^ Wyoming big sagebrush and has more Utah juniper trees. 
I ^ P Wyoming big sagebrush and pinyon pine may occur but only as 

a few widely scattered plants. 
The upland-foothill zone occurs as a 12- to 16-inch (305- to 

405-millimeter) precipitation band. Utah juniper and pinyon 
pine forests are dominant in this zone. The representative 
vegetation includes Utah juniper, pinyon pine, Wyoming big 
sagebrush, black sagebrush, prairie junegrass, muttongrass, and 
needleandthread. Gambel oak, Utah serviceberry, antelope 
bitterbrush, mountain mahogany, and bluebunch wheatgrass 
grow at the higher elevations. 

Some ofthe major wildlife species in this MLRA are coyote, 
kit fox, white-tailed prairie dog, white-tailed jackrabbit, 
pronghom, mule deer, elk, American kestrel, sage grouse, 
turkey vulture, screech owl, mourning dove, pinon jay, 
common raven, sage sparrow, bald eagle, golden eagle, westem 
rattlesnake, bullsnake, fence lizard, sagebrush lizard, Colorado 
pike minnow, razorback sucker, bonytail, and humpback chub. 

Land Use 

Following are the various kinds of land use in this MLRA: 

Cropland—private, 1% 
Grassland—private, 21%; Federal, 74% 
Forest—Federal, 1% 
Urban development—private, 1% 
Other—private, 1%; Federal, 1% 

types of surface or sprinkler irrigation are used in many ofthe 
valleys. The major crops grown throughout the area are silage 
com, grain com, alfalfa, and small grains. Cantaloupe and 
melons are grown near Green River, Utah, and lettuce, onions, 
dry beans, peppers and other small vegetable crops are grown in 
the Grand Valley and Uncompahgre areas. Many tracts of 
rangeland and cropland have been, and are continuing to be, 
subdivided for community development. 

The major soil resource concems are salinity, sodicity, 
leaching of selenium and salts into surface and ground water 
supplies, irrigation-induced erosion, and subsidence resulting 
from gypsum dissolution. Wind erosion is a hazard on light 
textured soils during periods when annual crops are grown and 
during periods of plant germination. It also is a hazard in areas 
of salt-desert shrub communities. The main management 
concems on rangeland are wind erosion, gully erosion, invasive 
species, and declining rangeland health. The main management 
concems in cultivated areas include salinization, declining 
water tables, and inadequate supplies of irrigation water. 

Conservation practices on rangeland generally include 
erosion control, fencing, development of watering facilities, 
bmsh management, rangeland seeding, and proper grazing 
management. Conservation practices on cropland include 
improvement ofthe efficiency of irrigation systems, irrigation 
water management, and crop residue management. 
Conservation practices on hayland and pasture include 
improvement ofthe efficiency of irrigation systems, irrigation 
water management, and forage harvest management. • 

35—Colorado Plateau 

9 About three-fourths of this area is federally owned. Most of 
the area is used for recreation or livestock grazing. Different 

This area (shown in fig. 35-1) is in Arizona (56 percent), 
Utah (22 percent), New Mexico (21 percent), and Colorado (I 
percent). It makes up about 71,735 square miles (185,885 
square kilometers). The cities of Kingman and Winslow, 
Arizona, Gallup and Grants, New Mexico, and Kanab and 
Moab, Utah, are in this area. Interstate 40 connects some of 
these cities, and Interstate 17 terminates in Flagstaff, Arizona, 
just outside this MLRA. The Grand Canyon and Petrified Forest 
National Parks and the Canyon de Chelly and Wupatki 
National Monuments are in the part of this MLRA in Arizona. 
The Zion, Capitol Reef, Canyonlands, and Arches National 
Parks and the Grand Staircase-Escalante, Natural Bridges, and 
Hovenweep National Monuments are in the part in Utah. The 
Aztec Ruins, El Morro, El Malpais, and Chaco Canyon National 
Monuments and the Chaco Culture National Historic Park are in 
the part in New Mexico. The Dixie, Manti-La Sal, Kaibab, 
Prescott, Coconino, Sitgreaves, Apache, and Cibola National 
Forests are in this MLRA. "Four Comers," the only place in 
America where four State boundaries meet at one point, is in 
this area. The Navajo and Hopi Nations make up a significant 
portion of this MLRA in eastem Arizona, westem New Mexico, 
and southem Utah. Other Native American Nations in Arizona 
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Figure 35-1: Location of MLRA 35 in Land Resource Region D. 

include the Zuni, Havasupai, Hualapai, and Kaibab. The Ramah 
Nation and a small part ofthe Acoma Nation are in the part of 
this MLRA in New Mexico. Almost all ofthe part of this MLRA 
in Colorado is in the Ute Mountain Nation. 

Physiography 

This area is in the Colorado Plateaus Province ofthe 
Intermontane Plateaus. Different parts of this MLRA are in five 
of the six sections within the Colorado Plateaus Province. Most 
ofthe eastem and central parts ofthe MLRA are in the Navajo 
Section. The second largest part, to the west ofthe Navajo 
Section, is in the Grand Canyon Section. The northernmost part 
is in the Canyon Lands Section, and the northwest comer is in 
the High Plateaus of Utah Section. The southeast comer is in 
the Datil Section. In general, the surface consists of gently 
sloping to strongly sloping plains. Volcanic plugs that rise 
abmptly above the plains, steep scarps, or deeply incised 
canyons intermpt the surface ofthe plains. In most areas 
elevation is 4,250 to 4,950 feet (1,295 to 1,510 meters). Mt. 
Tmmbull, on the north rim ofthe Grand Canyon, however, 
reaches a height of 8,028 feet (2,448 meters), and Navajo 
Mountain, on the Utah-Arizona State line, reaches a height of 
10,388 feet (3,167 meters). 

The extent ofthe major Hydrologic Unit Areas (identified by 
four-digit numbers) that make up this MLRA is as follows: Little 
Colorado (1502), 34 percent; San Juan (1408), 21 percent; Lower 
Colorado-Lake Mead (1501), 19 percent; Upper Colorado-Dirty 

Devil (1407), 14 percent; Rio Grande-Elephant Butte (1302), 4 
percent; Salt (1506), 3 percent; Upper Colorado-Dolores 
(1403), 3 percent; and Lower Green (1406), 2 percent. The 
Colorado River and its tributary in Arizona, the Littie Colorado 
River, are in this MLRA. The Glen Canyon Dam, on the 
Colorado River (Lake Powell), also is in this area. The Mancos 
and McElmo Rivers in Colorado are tributaries to the San Juan 
River in New Mexico. Parts ofthe Virgin, Sevier, Escalante, 
Otter, Dirty Devil, Green, and Paria Rivers are in the part of this 
MLRA in Utah. Rio Puerco is in the part in New Mexico. 

Geology 

This area is part ofthe Colorado Plateau, an area that has 
been stmcturally uplifted. Rivers flowing across the area cut 
down into the bedrock as it was being uplifted, resulting in 
spectacular geologic scenery. Areas of shale, sandstone, 
limestone, dolomite, and volcanic rock outcrop are extensive. 
Rocks representing almost the entire geologic timespan are 
exposed from the bottom ofthe Grand Canyon up to the 
present-day surface. Quatemary and Tertiary lava flows occur 
on the surface in the southwest part of this area. Older flows cap 
plateaus and mesas, and isolated volcanic cones and eroded 
volcanic necks occur throughout the area. 

Climate 

The average aimual precipitation is 6 to 18 inches (150 to 
455 millimeters) in almost all of this area, but it is less than 5 
inches (125 millimeters) in a few basins on the west edge ofthe 
area. The highest average annual precipitation, 30 inches (760 
millimeters), occurs in a few isolated mountains in southem 
Utah and near the Arizona-New Mexico State line. About half of 
the precipitation falls from July through September. April, May, 
and June are the driest months. Most ofthe rainfall occurs as 
high-interisitĵ ^onyectî ^^^ thunderstorms late in summer. Light 
snow falls in winter, but it does not remain on the ground very 
long. The average annual temperature is 36 to 66 degrees F (2 
to 19 degrees C), decreasing to the north and at the higher 
elevations. The freeze-free period averages 215 days and ranges 
from 105 to 320 days, decreasing in length to the north and at 
the higher elevations. 

Water 

Following are the estimated withdrawals of freshwater by use 
in this MLRA: 

Public supply—surface water, 0.4%; ground water, 2.7% 
Livestock—surface water, 5.7%; ground water, 2.0% 
Irrigation—surface water, 34.9%); ground water, 12.9% 
Other—surface water, 24.3%; groundwater, 17.2%) 

The total withdrawals average 560 million gallons per day 
(2,120 million liters per day). About 35 percent is fi-om ground 
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water sources, and 65 percent is from surface water sources. 
Water is scarce throughout the area. Many streams and rivers are 
ephemeral. The Little Colorado River drains the largest 
segment ofthe area, but its flow is intermittent. Water is stored 
in small reservoirs for irrigation purposes, but supplies are often 
inadequate. Some irrigation water is obtained from erratic 
streamflow. The surface water is suitable for almost all uses. A 
high sediment load is the primary water-quality problem. 

The San Juan River basin in the part of this area in northwest 
New Mexico has the highest streamflow volume in the State. It 
is one area that relies almost entirely on surface water. The 
Navajo Reservoir and a few smaller reservoirs store water for 
use by residents in this area. The river water is of exceptional 
quality. It is suitable for a cold-water fishery. High salt and 
sediment loads from ephemeral tributaries on the south side of 
the basin degrade the river water. 

Ground water is the primary source of drinking water in 
many areas. In places some irrigation water is obtained from 
deep wells. Ground water occurs in the Coconino, Navajo, and 
Dakota Sandstone aquifers. It is soft to hard water and generally 
contains less than 300 parts per million (milligrams per liter) 
total dissolved solids in Arizona. Median levels of total 
dissolved solids are closer to 1,000 parts per milUon 
(milligrams per liter) in Utah and New Mexico. Lower levels 
of total dissolved solids and fresher water occur near the 
recharge zones for these consolidated sediments. Very salty 
water occurs at depth and away from the recharge zones. Highly 
mineralized water leaks into these aquifers from older and 
younger marine sediments above and below the sandstone 
aquifers. 

Some irrigation water is pumped from the valley fill in the 
San Juan River basin. It has a higher salt content than the river 
water but otherwise is very similar in quality. Use of the valley 
fill water is limited because seepage of salty water from the 
adjacent rocks containing soluble salts increases the sodium 
sulfate content. 

Soils 

The dominant soil orders in this MLRA are Alfisols, 
Aridisols, Entisols, and Mollisols. The soils in the area 
dominantly haye a mesic soil temperature regime; an aridic soil 
moisture regime or an ustic moisture regime that borders on 
aridic; and carbonatic, mixed, or smectitic mineralogy. They 
generally are very shallow to very deep, well drained or 
somewhat excessively drained, and loamy or clayey. 

Haplustalfs (Lykorly series) and Haplargids (Penistaja series) 
formed in mixed eolian deposits and alluvium on mesas, 
cuestas, hills, bajadas, and fan terraces. Calciargids (Millett 
series) formed in alluvium on fan terraces, piedmonts, and 
plains. Haplocalcids formed in mixed residuum and colluvium 
on benches, hills, and ridges (Mellenthin series) and in eolian 
deposits over alluvium (Winona series). Haplocambids formed 
in mixed eolian deposits and alluvium on mesas, cuestas, hills, 

and fan terraces (Begay series) and in alluvium on plateaus and 
mesas (Epikom series). Ustorthents formed in mixed residuum 
and colluvium on mesas and mountains (Menefee series) and in 
mixed eolian deposits and alluvium on ridges, hills, and mesas 
(Vessilla series). Torriorthents formed in mixed alluvium and 
residuum (Moenkopie series) and in mixed residuum and 
colluvium (Rizno series) on mesas, hills, benches, cuestas, and 
plateaus. Torripsamments (Sheppard series) formed in eolian 
deposits on benches, dunes, and terraces. Argiustolls (Luzena 
series) formed in residuum and colluvium on mesas, hills, and 
mountains. 

Biological Resources 

This area supports desert shmb and woodland vegetation. 
At high elevations, pinyon-juniper woodland and sagebmsh 
have an understory of galleta, blue grama, black grama, and 
westem wheatgrass. Galleta grass, alkali sacaton. Indian 
ricegrass, bottlebmsh squirreltail, and needlegrasses intermixed 
with fourwing saltbush and winterfat are at the lower 
elevations. Greasewood and shadscale are part ofthe plant 
community on salty soils. Blackbmsh may be dominant at the 
lower elevations. 

Some ofthe major wildlife species in this area are elk, mule 
deer, antelope, mountain lion, coyote, fox, bobcat, badger, 
skunk, rabbit, prairie dog, bats, eagles, hawks, owls, crow, 
woodpecker, bluebird, and swallow. 

Land Use 

Following are the various kinds of land use in this MLRA: 

Cropland—private, 1% 
Grassland—private, 48%; Federal, 27% 
Forest—private, 8%; Federal, 6% 
Urban development—^private, 1% 
Water—private, \% 
Other—private, 7%; Federal, 1% 

About one-third of this area is federally owned. About three-
fourths is rangeland. The rangeland is grazed by sheep and 
cattle. About I percent ofthe area, along the valleys ofthe 
major streams, is irrigated cropland. Alfalfa, small grains for 
hay, and com for silage are the chief crops. Less than one-tenth 
ofthe area in scattered small tracts on Indian reservations is 
dry-farmed. Com is the chief crop in the dry-farmed areas. More 
than one-tenth of the area is juniper and pinyon-juniper 
woodland. Firewood and pinyon nuts are products of this 
woodland, which also is grazed by cattle and sheep. If the areas 
are overgrazed, juniper invades the grassland. Severe gullying, 
overgrazing, and the lack of a dependable water supply are land 
use problems. Because ofthe mild climate and nearby 
recreational opportunities, the irrigated cropland near towns, 
such as Moab and Kanab, is being converted to housing 
developments. 
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The major soil resource concems are maintenance ofthe 
content of organic matter in the soils, soil productivity, wind 
erosion, water erosion, salinity, and sodicity. These factors and 
the low rainfall result in soils that have littie or no resilience 
after disturbance and a very low tolerance for soil loss by 
erosion. 

Conservation practices on rangeland generally include bmsh 
management, rangeland seeding, prescribed grazing, prescribed 
buming, fencing, development of watering facilities, and 
erosion control. Conservation practices on cropland and 
hayland are crop rotation, crop residue management, minimum 
tillage, nutrient and pest management, land leveling, ditch 
lining, irrigation water management, soil salinity management, 
and pasture and hayland management. • 

Figure 36-1: Location of MLRA 36 in Land Resource Region D. 

36—Southwestern Plateaus, Mesas, and 
Foothills 

This area (shown in fig. 36-1) is in New Mexico (58 percent), 
Colorado (32 percent), and Utah (10 percent). It makes up about 
23,885 square miles (61,895 square kilometers). The major 
towns in the area are Cortez and Durango, Colorado; Santa Fe 
and Los Alamos, New Mexico; and Monticello, Utah. Grand 

^Junction, Colorado, and Interstate 70 are just outside the 
northem tip of this area. Interstate 25 crosses the middle ofthe 

area, and U.S. Highway 550 runs along the southwest boundary 
ofthe area in New Mexico. Mesa Verde National Park and the 
Bandelier, Hovenweep, Natural Bridges, Yucca House, and 
Colorado National Monuments are in the area. Many Indian 
reservations are in this MLRA. The largest are the Southem Ute, 
Ute Mountain, and Jicarilla Apache Indian Reservations. Also 
in the area are the Cochiti, Jemez, Nambe, Navajo, Picuris, 
Pojoaque, San Felipe, San Ildefonso, San Juan, Sandia, Santa 
Ana, Santa Clara, Santa Domingo, Taos, Tesuque, and Zia 
Indian Reservations. 

Physiography 

This area is on the Intermontane Plateaus. It is mainly in the 
Canyon Lands and Navajo Sections ofthe Colorado Plateaus 
Province, is partly in the Mexican Highland Section ofthe 
Basin and Range Province, and extends marginally into the 
Southem Rocky Mountains Province. Landforms in most areas 
are controlled by the underlying sedimentary rock formations, 
but fluvial landforms are in the Rio Grande rift basin at the 
southeastem extent of the MLRA. Elevation commonly is 
4,600 to 8,500 feet (1,400 to 2,590 meters). It generally is 
highest (as much as 9,300 feet, or 2,835 meters) in areas ofthe 
foothills and high mesas that border the Southem Rocky 
Mountains. Relief generally is less than 1,500 feet (455 meters). 

The extent ofthe major Hydrologic Unit Areas (identified by 
four-digit numbers) that make up this MLRA is as follows: Rio 
Grande-Elephant Butte (1302), 47 percent; San Juan (1408), 32 
percent; Upper Colorado-Dolores (1403), 15 percent; Gunnison 
(1402), 4 percent; Colorado Headwaters (1401), 1 percent; and 
Upper Colorado-Dirty Devil (1407), 1 percent. The upper 
reaches ofthe Rio Grande and San Juan Rivers and their 
tributaries are in the part of this MLRA near the Colorado and 
New Mexico State lines. Rio Puerco and Rio Chama are in the 
part ofthe MLRA in New Mexico. The Dolores and San Miguel 
Rivers are in the part in Colorado, and a short reach ofthe 
Colorado River crosses this MLRA near the Utah and Colorado 
State lines. 

Geology 

Most ofthe area is characterized by generally horizontal 
beds of Jurassic, Cretaceous, and Tertiary sedimentary rocks. 
Representative formations are the Morrison Formation; Dakota 
Sandstone, Mancos Shale, Cliff House Sandstone, and other 
members ofthe Mesa Verde Group; the Animas Formation; and 
the San Jose Formation. The sedimentary rocks have been 
eroded into plateaus, mesas, hills, and canyons. Thick deposits 
of eolian material of Pleistocene age mantle the top ofthe 
mesas in some areas. Small areas of Tertiary and Quatemary 
volcanic rocks, including cinder cones and lava flows, are in the 
Rio Grande rift basin in New Mexico. Wide valleys in the rift 
basin have accumulated deep alluvial sediments, and fan 
remnants are common. 
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Climate 

The average annual precipitation in this area ranges from 8 
to 31 inches (205 to 785 miUimeters). It is dominantly 12 to 20 
inches (305 to 510 millimeters). Much ofthe rainfall occurs as 
convective storms in late summer; about 20 to 35 percent ofthe 
total precipitation falls in July and August. This proportion 
increases from north to south within the area. About 15 to 25 
percent ofthe precipitation is snow. Snowpacks are generally 
light and not persistent throughout the winter, except at the 
higher elevations. The average annual temperature ranges from 
37 to 56 degrees F (3 to 14 degrees C). The freeze-free period 
averages 160 days and ranges from 105 to 210 days. The 
shortest freeze-free periods occur in the northem part ofthe area 
and at high elevations. 

Water 

Following are the estimated withdrawals of freshwater by 
use in this MLRA: 

Public supply-^surface water, 2.1%; ground water, 3.6% 
Livestock—surface water, 0.6%; ground \yater, 0.1% 
Irrigation—surface water, 78.7%); ground water, 11.1%) 
Other—surface water, 0.1%; ground water, 3.7% 

The total withdrawals average 1,130 miUion gallons per day 
(4,275 million liters per day). About 18 percent is from ground 
water sources, and 82 percent is from surface water sources. 
Water commonly is scarce in areas away from the major streams. 
The Dolores, Animas, and San Juan Rivers, which are perennial 
streams in the northem end ofthe area, are major sources of 
irrigation water. The headwater streams ofthe Rio Grande also 
have water of excellent quality. The Navajo, Heron, and El 
Vado Reservoirs store water for irrigation and recreation in this 
area. The San Juan River is a high-quality, cold-water fishery 
stream in northwestern New Mexico. It is used for municipal 
and industrial supplies as well as irrigation. High salt loads 
from southern tributary streams affect water quality in this area. 
The quality of some surface water has been degraded by the 
effects of upstream mining activities in the late 1800s. This 
mining occurred mainly in the upper reaches ofthe streams 
outside this MLRA. 

Ground water is the primary source of drinking water in 
many areas. In places some irrigation water is obtained from 
deep wells. Cretaceous and Jurassic sediments (Dakota and 
Morrison Formations and Entrada Sandstone) provide some 
ground water of variable quality in southwestem Colorado. The 
ground water in New Mexico is in Tertiary sandstone and in the 
older sediments. It is soft to hard water and generally exceeds 
the national drinking water standard for total dissolved solids. 
Median levels of total dissolved solids are close to 1,000 parts 
per million (milligrams per liter) in New Mexico. Because of 
high sodium and sulfate levels, the water is of limited use for 
drinking in many areas. Fresher water with lower levels of total 

dissolved solids is near the recharge zones for these 
consolidated sediments. Very salty water is at depth and away 
from the recharge zones. Highly mineralized water leaks into 
these aquifers from older and younger marine sediments above 
and below the sandstone aquifers. 

Some irrigation water is/pumped from the valley fill in the 
larger river valleys. It has a higher salt content than the river 
water but otherwise is very similar in quality. Seepage of salty 
water from the adjacent rocks containing soluble salts can , 
increase the sodium sulfate content, which limits the use of the 
valley fill water. 

SoUs 

The dominant soil orders in this MLRA are Alfisols, 
Inceptisols, Mollisols, Entisols, and Aridisols. The soil moisture 
regime is mainly ustic, but an aridic regime that is marginal to 
ustic occurs in some areas. The soil temperature regime is mesic 
or frigid. Mineralogy is dominantly mixed or smectitic. 

In the warmer areas, shallow Ustorthents (Menefee series) 
formed in residuum on shale hills and mesas. Shallow 
Haplustalfs (Arabrab series) and Torriorthents (Rizno series) 
formed in material weathered from sandstone on mesas, hills, 
and cuestas. Moderately deep, loamy Haplargids (Gapmesa 
series) and very deep, loamy Haplustalfs (Orlie series) formed in 
slope alluvium derived from sandstone and shale on mesas or 
fan remnants. Very deep, clayey Haplustepts (Roques series) 
formed in alluvium derived from shale on valley sides. Very 
deep, silty Haplustalfs (Cahona and Wetherill series) formed in 
eolian material on hills and mesas. 

In the cooler areas, very deep, clayey Haplustalfs (Goldbug 
series) formed in slope alluvium derived from sandstone and 
shale on hills and mesas. Shallow Argiustolls (Fivepine series) 
formed in slope alluvium and residuum derived from sandstone. 
Moderately deep Argiustolls (Nortez series) formed in eolian 
material derived from sandstone on hills and mesas. 

Biological Resources 

The potential vegetation is grass and sagebmsh at the lower 
elevations. Pinyon-juniper woodland and ponderosa pine forests 
are at mid elevations. Forests of Rocky Mountain Douglas-fir and 
white fir are at the higher elevations. Some common plants are 
Wyoming big sagebmsh, westem wheatgrass, galleta, 
needleandthread, and blue grama at the lower elevations; 
twoneedle pinyon, Utah juniper, Indian ricegrass, mountain 
mahogany, ponderosa pine, Gambel oak, Arizona fescue, and 
muttongrass at mid elevations; and Rocky Mountain Douglas-fir, 
white fir, mountain muhly, common snowberry, Parry's oatgrass, 
and mountain brome at the higher elevations. 

Some ofthe rriajor wildlife species in this area are mule deer, 
elk, coyote, black bear, mountain lion, black-tailed jackrabbit, 
Gunnison's prairie dog, badger, pinon jay, black-billed magpie, 
mountain chickadee, red-breasted nuthatch, white-breasted 
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nuthatch, collared lizard, fence lizard, and westem rattlesnake. 
Reservoirs and rivers provide most ofthe fish habitat in this 
area. The ones at the higher elevations have cold-water species, 
such as rainbow trout and brown trout, and the ones at the lower 
elevations may have warm-water species, such as bass, bluegill, 
crappie, and catfish. 

Land Use 

Following are the various kinds of land use in this MLRA: 

Cropland—private, 3% 
Grassland—private, 41%; Federal, 39% 
Forest—private, 7%; Federal, 5% 
Urban development—private, 2% 
Other—private, 2% 

Nearly all of this area supports natural vegetation and is used 
as grazing land or forestland. Cropland also is a significant land 
use. Where irrigation water is available, irrigated crops, such as 
wheat, barley, beans, oats, alfalfa, and hay, are grown. An area in 
Colorado and Utah is used as nonirrigated cropland. The major 
crops grown on this nonirrigated cropland are beans and winter 
wheat. The pinyon-juniper woodlands are a source of fuel 
wood. At the higher elevations, commercial timber is harvested, 
principally ponderosa pine and Rocky Mountain Douglas-fir. 
5ome urban development is occurring in the vicinity of Santa 
Fe. 

The major soil resource concems are wind erosion, water 
erosion, maintenance ofthe productivity ofthe soils, and 
management of soil moisture. Conservation practices on 
cropland generally include crop residue management, 
minimum tillage, and irrigation water management. Proper 
grazing use is a concem on grazing lands. The primary 
concems in timbered areas are controlling erosion along roads 
and skid trails and minimizing surface compaction during 
timber harvesting. I 

38—Mogollon Transition 
This area (shown in fig. 38-1) is in Arizona (81 percent) and 

New Mexico (19 percent). It makes up about 18,985 square 
miles (49,195 square kilometers). The cities of Globe and 
Prescott, Arizona, and Silver City, New Mexico, occur in this 
MLRA. U.S. Highway 180 crosses this area in New Mexico, and 
Interstate 17 crosses the middle ofthe area in Arizona. Parts of 
the Prescott, Tonto, Gila, and Cibola National Forests are in this 
area. The MLRA has numerous wilderness areas and national 
forests. The Tuzigoot and Montezuma Castle National 
Monuments and the Hualapai, Yavapai, Camp Verde, Lower 

^Camp Verde, and San Carlos Indian Reservations are in the part 
jf this area in Arizona. 

Figure 38-1: Location of MLRA 38 in Land Resource Region D. 

Physiography 

This area is in the Mexican Highland Section ofthe Basin 
and Range Province ofthe Intermontane Plateaus. The area 
consists of canyons and stmctural troughs and valleys. 
Examples ofthe many mountain ranges in the area are the 
Pinal, Sierra Ancha, and Mazatzal Mountains in Arizona and 
the Big Burro and Mimbres Mountains in New Mexico. 
Elevation ranges from 3,000 to 5,500 feet (915 to 1,675 meters) 
in most areas and from 5,100 to 7,500 feet (1,555 to 2,285 
meters) in the mountains. 

The extent ofthe major Hydrologic Unit Areas (identified by 
four-digit niunbers) that make up this MLRA is as follows: Salt 
(1506), 37 percent; Upper Gila (1504), 25 percent; Lower 
Colorado (1503), 14 percent; Lower Gila (1507), 9 percent; Rio 
Grande-Mimbres (1303), 8 percent; and parts of many other 
hydrologic units, 7 percent. The Verde, Black, and Salt Rivers 
are tributaries to the Gila Fliver in this MLRA. A reach ofthe 
Verde River has been designated a National Wild and Scenic 
River in Arizona. 

Geology 
( 

Most of this area is covered by deep alluvium washed in 
from the adjacent mountains. These deposits of silt, sand, and 
gravel are very young in the present-day drainages and much 
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cT .Ô ^ 

- ^ 
v^ 

"̂̂ ^ 
.c-. 

Uranium Mill Tailings Remedial Action Project 

. ^ 



APPENDIX D 
SITE CHARACTERIZATION 

I 
a 

n :;• 

9 



• 

w 
m 

i 

9 

TABLE OF CONTENTS 

Section Page 

D.l INTRODUCTION . . . . ' D^l 

D.2 SITE DESCRIPTION. . . . . . . . . . . . . . , • • D-3 
u • ^ • 1 <Locok 1 on • • • • • • • • • • • • • • • • • • • • • - • • • «. u~o 
D.2.2 Physical characteristics . . . . . . . . . . . . . . . . . D-3 
D.2.3 Setting . . . . . . . . . . . . . . . . . . . . . . . . . . D-3 
D.2.4 History . ... . . . . . . . . . . . . . . . . . . . . . . . D-4 

D.2.4.1 Operations . . . . . . . . . . . . . . . D-4 
D.2.4.2 Process . . . . . . . . . . . . . . . . . . . . . D-5 
D.2.4.3 Ownership and leasehplders . . . . . . . . . . . . D-5 

D.3 RADIATION DATA . . . . . . . . . . . . . . . . . . . . . . . . . D-9 
D.3.1 Purpose . . . . . . . . . . . . . . , . . D-9 
D.3.2 Background radiation data . . . . . . . . . . ., D-9 
D.3.3 Radionuclide content of the pile, .. . . . . . . . . . ; , D-10 
D.3.4 Radon flux ••.;̂  ̂  ,. . . . . . . . . . . . . . . . v • • • • D-10 
D.3.5 Subpile contamination, . . . . . . . . . . . . . D-11 
D.3.6 Ganma radiation . . . . . . . . . . . .,. . . . . . . . . . D-11 
D.3.7 Off-pile contamination . . . . . . . . . . . . . . . . . . D-12 
D.3.8 Radionuclide concentrations in air samples ;. . . ,. . . . . D-15 
D.3.9 Building contamination . . .. . . . . . \ . . . . . . . . . D-15 

D.4 GEOLOGY, GEOMORPHOLOGY, AND SEISMICITY . . . . . D-41 
D.4,1 Introduction . . . . . . . . . . . . . . . . . . . . . . . D-41 

D.4.1.1 General statement . . . . . . . . . *. . . . . . . D^4l 
D.4.1.2 Criteria and definitions . . . . . . .; . . . . . . D-42 
D.4.1.3 Investigative approach . .. . . . .... . . . . . D-44 

D.4.2 Geologic setting . . . . . . . . . . . . . . . . . . .... D-49 
D.4.2.1 Regional conditions . . . . . . . . . . . . . . . D-49 
D.4.2.2 Climate and vegetation . . . ' . : ' . . . T . . . . . . D-54 
D.4.2.3 Site geology .,i . . . . . . . . . . . . . . . . . D-56 

D.4.3 .Mineral and other resources . D-60 
D.4.4 Seismotectonic setting .. . . . . . . . . . . D-61 
D.4.5 Geologic hazard analyses . . ̂  . . . . . . . . . D-68 

D.4.5.1 Geomorphic hazards . . . . . . . . . . . D-68 
D.4;5.2 Impact of natijra! resource development . . . . . . D-76 
D.4.5.3 Volcanic hazard ,. . , . . . ... . . . . . . . . D-77 
D.4.5.4 Subsidence hazards . . . . . . . . ., . . . . . ... D-78 
D.4.5.5 Seismic hazards . . . . . . . . . . . . . . . . . D-80 

D.5 SITE (FOUNDATION) SOIL CHARACTERISTICS . . . . . . . . . . . . . D-129 
D.5.1 Laboratory test results . . . . . . D-129 

D.5.1.1 Classification tests . . . . . . . . . . . . . . . D-129 
D.5.1.2 Specific gravity, natural moisture content, 

and unit weight . D-130 
D.5.1.3 Hydraulic conductivity . . . . . . . . . . . . . . D-130 
D.5.1.4 Consolidation tests D-130 
D.5.1.5 Triaxial tests D-131 
D.5.1.6 Capillary moisture content tests . . . . . . . . . D-133 

D-i 

IJ 



TABLE OF CONTENTS (Continued) 

Section Page 

D.6 BORROW MATERIAL CHARACTERISTICS . p-151 
D.6.1 Laboratory testing - radon barrier . . . . . . D-151 

D.6.1.1 Classification tests . . . . . . . . . * . . . . . D-151 
D.6,1.2 Compaction tests . . . . . . . . . . . D-151 
D.6.1,3 Pinhole and double hydrometer tests D-151 
D.6.1.4 Hydraulic conductivity . . . . . . D-152 
D.6.1.5 Consolidation tests D-152 
D.6.1.6 Triaxial tests D-153 
D.6.1.7 Capillary moisture content D-153 

D.6.2 Material description •> erosion barrier D-154 

D.7 TAILINGS GEOTECHNICAL DATA . . . . . . . . . . . . . . . . . . . D-175 
D.7.1 Classification tests . . . . . . . . . D-175 
D.7.2 Specific gravity, natural moisture content, 

and unit weight D-175 
D.7.3 Hydraulic conductivity tests . . . . . . D-176 
D.7.4 Compaction tests . . . D-177 
D.7.5 Consolidation tests Cv. . D-177 
D.7.6 Triaxial tests D-179 
D.7.7 Capillary moisture content test results D-180 

D.8 GROUNDWATER HYDROLOGY . . D-201 
D.8.1 Introduction D-201 
D.8.2 Grouridwater investigations D-204 
D.8.3 Hydrostratigraphy . . . . . . . . . . . . . . . . . . . . . D-205 
D.8.4 Hydraulic characteristics . D-206 
D.8.5 Background groundwater quality . . . . . D-210 
D.8.6 Tailings characterization . r . D-211 
D.8.7 Extent of existing contamination D-212 
D.8.8 Geochemical environment . D-215 

D.8.8.1 Non-radiologic hazardous constituents in soils . . D-216 
D.8-.'8.2 Geochemical conditions D-216 
D.8.8.3 Geochemical modeling . , D-217 
D.8.8.4 Potential influenciB of seepage on water 

quality in the Westwater Canyon member . . . . . . D-220 
D.8.9 Groundwater use, value, and alternative supplies . . . . . D-221 
D.8.10 Climate . ; , . . . D-223 

D.9 METEOROLOGICAL DATA . . . . . . . . . . . : . . . . . . D-281 
D.9.1 Purpose . D-281 
D.9.2 Weather patterns D-281 
U * 9 * J i V i n Q • • • • • 9 a 9 e e a o e e o o « o • e o • « • » o • U * f c w X 

U • • ' • * t I C i n p C : 3 » U l C • • • o o o o o o o o e o o e e e o , e o « • • • U * f c O ^ 

D.9.5 Precip tation D-282 
U • 7 • D r I 0 S X * « • • • o 9 9 o • e e o e o e o o e e e e e • e • • W ' ^ O b 

w « 7 * / t V C i p U l Q c l O n « • • • e « 0 e e e o e e e o e e e e • o o • • U " k O ^ 

D-ii 
J 



TABLE OF CONTENTS (Concluded) 

Fl 
'̂' Section Page 9 

D.IO SURFACE WATER HYDROLOGY D-289 
D.10.1 Purpose D-289 
D.10.2 General . . . . : . . . . . , . . D-289 
D.IO.3 Drainage and historical flows D-290 
D.10.4 Flood analysis D-291 
D.10.5 Surface water quality . P-292 

D.ll LAND SURVEY DATA . D-301 
D.11.1 Purpose D-301 

n D.ll.2 Topographic survey D-301 
u. D.ll.3 Land survey D-301 

D.ll.4 Aerial photographs ,D-301 
D.11.5 Ownership and easements . . . . . . ; D-302 

D.12 MISCELLANEOUS DATA . . . . . . . . D-305 
D.12.1 Land use D-305 
D.12.2 Community services . D-305 
D.12.3 Utilities D-305 
D.12.4 Transportation systems . . . . . . . . . . . . . . . . . D-306 
D.12.5 Environmentally sensitive areas . . . . . . . . . . . . . D-307 

.. REFERENCES FOR APPENDIX D . . , D-309 

Addendum Dl Summary radiological data 
Addendum D2 Seismic event catalogs . 
Addendum 03 Geotechnical logs 

Addenda Dl through D3 have not been reproduced in this version of the RAP. 
They were previously published in the May 1987 Preliminary Final RAP. 

Q 
r. 

9 D-iii 

0 



LIST OF FIGURES 

Figure Page 

D.2.1 Location of Ambrosia Lake designated site D-6 
D.2.2 Phillips/UNC designated site D-7 
D.2.3 Ambrosia Lake mill simplified flowsheet . . . . . D-8 

D.3.1 Phillips mill site and Ambrosia Lake area radiological survey . D-17 
D.3.2 Radon concentration in vicinity of pile D-18 
D.3.3 Radon canister locations and flux values D-19 
D.3.4 Windblown contamination survey D-20 
D.3.5 Areal extent and depth of Ra-225 soil concentrations exceeding 

5 pCi/g . . . . . . D-21 
D.3.6 Ambrosia Lake excavation surface contours D-22 

D.4.1 Tectonic elements of San Juan Basin and adjacent areas . . . . 0-94 
D.4.2 Local physiography of the Ambrosia Lake area D-95 
D.4.3 South to north stratigraphic section of the San Juan Basin . . D-96 
D.4.4 Bedrock geology of the Ambrosia Lake study region . D-97 
D.fl.5 Surficial geologic map of the Ambrosia Lake site vicinity . . . D-99 
D.4.6 Distribution of soil associations in T14N, R9W, 

McKinley County, New Mexico . . . .' D-lOO 
D.4.7 Geologic cross section of the Ambrosia Lake vicinity 0-101 
D.4.8 Drainage and geomorphic hazard features of the 

Ambrosia Lake site vicinity D-102 
D.4.9 Distribution of uranium mines and ore bodies in the 

Ambrosia Lake valley D-103 
D.4.10 Regional seismotectonic setting and study region map D-104 
D.4.11 Seismicity map of the Colorado Plateau and transition 

zones, 1962 to 1980 D-105 
D.4.12 Seismicity map pf New Mexico, 1952 to 1977, indicating 

events of > Mj_ = 1.5 magnitude D-106 
D.4.13 Detailed seismicity of north-central New Mexico and 

surrounding areas, 1973 to 1984 D-107 
D.4.14 Seismicity map of western U.S. with 200 km study 

radius indicated D-lOd 
D.4.15 Zones of mining-induced surface subsidence in the 

Ambrosia Lake area D-109 
D.4.16 Detailed fault map of Mesa Chivato system indicating structures 

delineated during LSA and stereophoto analysis efforts . . . . D-110 
D.4.17 A possible genesis of the Mesa Chivato graben faults D-111 
0.4.18 Graphic detennination of area of fault investigation and 

faults to be evaluated - Ambrosia Lake, New Mexico, 
U P l I K A S l b C • • • o * e o o o o o o o e o e o e o e e « * e * a U * 1 X ^ 

D.5.1 Piezocone classification chart used for foundation materials . D-134 
D.5.2 Summary of consolidation test clay sample D-135 
D.5.3 Summary of consolidation test alluvium sample . . . D-136 
D.5.4 Sunnary of consolidation test clay sample . . . . . . D-137 
D.5.5 Summary of consolidation test alluvium sample . . . . D-138 
D.5.6 Sunnary of consolidation test alluvium sample , , . . , , , , . D-139 
D.5.7 Sunnary of consolidation test clay sample D-140 
D.5.8 Sunnary of triaxial "R" test clay sample . , . . , , D-141 

D-iv 



LIST OF FIGURES (Continued) 

FH 
Figure 
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D.l INTRODUCTION 

9 

i 

The Uranium Mill Tailings Radiation Control Act (UMTRCA) of 1978 (PL95-604), 
requires the U.S. Department of Energy (DOE) to assess the degree of radiological 
contamination at the sites of certain former uranium mill operations and to 
conduct remedial actions "to stabilize and control such tailings in a safe and 
environmentally sound manner and to minimize or eliminate radiation health 
hazards to the public." This appendix sunnarizes and is an assessment of the 
present conditions and available data at the Ambrosia Lake inactive uranium mill 
site near Grants, New Mexico. 

For ease in reading, figures and tables are grouped at the end of each 
section, figures first, in this appendix. 
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o 0.3 RADIATION DATA 

D.3.1 PURPOSE 

9 

Background radiation levels must be established for the designated 
site and surrounding areas so that construction impacts on the environ
ment can be assessed and the levels of radiation and contamination 
associated with the designated site can be compared to background. 
Knowledge of the radium content of the pile, off-site soils, and sub
surface pile soils Is necessary to design the excavation and pile 
cover. Groundwater sample data can be used to determine Impacts due to 
contaminant migration from the tailings pile. Air concentration 
and gamma-ray exposure rate measurements aid in determining limits of 
contamination and potential health hazards. Finally, the building con
tamination data are necessary for decontamination/demolition planning 
activities. 

D.3.2 BACKGROUND RADIATION DATA 

Gamma-ray exposure rates, one meter above the ground, and surface 
soil samples were taken by Oak Ridge National Laboratory (ORNL) in 1980; 
sampling locations and results obtained are given In Table 0.3.1 
(Haywood et al., 1980). Based on these data, an average background 
gamma exposure rate of 11 microR/hr and an average Ra-226 soil concen
tration of 1.0 pCI/g were obtained (Haywood et al., 1980). Gamma-ray 
exposure rates were measured using energy compensated Gelger-Hueller 
(G-M) detectors. 

Although taken In the general region of the state of New Mexico in 
which the Ambrosia Lake site is located, the values obtained from these 
background locations are probably significantly smaller than the back
ground value near the site. This Is primarily due to the Influence of 
uranium mining and milling in the Ambrosia Lake area. The results from 
an aerial radiological survey conducted In August, 1981, by EG&G are 
shown In Figure D.3.1. Elevated gamma exposure rates due to mining and 
milling activities are superimposed on a background field which ranges 
from about 14 to 19 mIcroR/hr. 

No background Rn-222 sample values are available from the Ambrosia 
Lake site. Although some 24-hour baseline samples were collected (FBDU, 
1981) up to three miles from the Phillips/UNC site, none were less than 
2.9 pC1/l. This was the result of the Intense mining and milling 
activity throughout the valley. The results of Rn-222 monitoring 
(FBDU, 1981) at the Ambrosia Lake site are presented In Figure D.3.2. 
Natural background radon concentrations in undisturbed areas with 
similar geologic settings as Ambrosia Lake have been measured by several 
investigators and average 0.19 ± 0.02 pCi/1 (NMEID, 1985; Millard and 
Baggett, 1984). 

Baseline concentrations of radioactive air particulates In the 
Ambrosia Lake area have been measured one mile west of the existing 
tailings site. Concentrations for the principle radionuclides of 
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concern averaged 1.1 femtocuries per cubic meter (fCi/m^) for U-238, 
1.1 fCi/m3 for U-234, 3.1 fCi/m^ for Th-230, and 3.3 fCI/m^ for 
Ra-226 from 26 months of continuous air sampling (NMEIO, 1986a). 
Average concentrations for air particulates from 25 months of continuous 
air sampling In an undisturbed background location by San Mateo were 
0.4 fC1/m3 for U-238, 0.5 fCi/m^ for U-234, 0.3 fC1/m3 for Th-230, 
and 0.7 fCi/m^ for Ra-226 (NMEID. 1986a). 

Baseline radioactivity levels in soils typical of the Ambrosia 
Lake area which were not Influenced by the tailings pile have been 
established as 1.2 + 0.7 pCi/g for Ra-226, 1.0 ± 1.0 pCI/g for Th-230, 
and 3.0 + 1.0 ppm for natural uranium (2.0 ± 0,7 pCi/g) (BFEC, 1985a). 
Background concentrations of Ra-226 in soils from areas not Influenced 
by uranium mining and mining averaged 0.57 + 0.08 pCi/g (NMEIO, 1985), 
and 0.51 + 0.09 pCi/g for Th-230 (NMEID, 1986a). 

D.3.3 RADIONUCLIDE CONTENT OF THE PILE 

The Isotopes which have been analyzed for soil concentration are 
natural uranium and Ra-226. Concentrations of other Isotopes may 
be estimated based on the abundance of these radionuclides and the 
assumption of secular equilibrium. Radionuclide concentration values 
reported herein are based on the statistically designed drilling and 
sampling program of Mountain States Research and Development (MSRD, 
1982). Additional radiological characterization using MSRD samples was 
conducted by Sandia National Laboratories (SNL, 1982) and Bendix Field 
Engineering Corporation (BFEC, 1985a). 

MSRD (1982) found an average of 0.0132 percent U3O8 In the 
tailings pile, corresponding to 37 pCi/g U-238 based on 106 boreholes 
sampled at a vertical Interval of 2.5 feet. This concentration is 
based on the most complete data available. 

The Ra-226 concentration in and below the pile averaged 455 pCi/g 
based on 407 samples from the 106 boreholes drilled by MSRD. Based on 
a pile volume of 3.437 x 10^ cy, the total Ra-226 activity Is 1795 
Ci. Results of Ra-226 analyses performed by BFEC (1985a) and by SNL 
(1982) were Input Into a computer model which generated the above 
estimates. Resultant Ra-226 data appear In Table Dl.2.1, Addendum 01. 
A description of the computer model along with detailed results are 
also presented. 

D.3.4 RADON FLUX 

Radon flux measurements made In 1976 and 1980 (FBDU, 1981) are 
Indicated In Figure 0.3.3. These values represent 12-hour averages 
using the charcoal canister technique. As short-term averages, their 
comparison to an annual average must be done In light of the variability 
of radon flux with moisture content, barometric pressure, and other 
meteorological parameters. The average of all measurements on the pile 
is 128.6 pCi/m^s. 
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0.3.5 SUBPILE CONTAMINATION 

A total of 312 samples taken by MSRD were derived at or below the 
physical interface between the tailings and underlying soil. The 
samples were analyzed by SNL for Ra-226 content. The analytical method 
employed placed the split-barrel sample in a shielded sodium iodide 
detector assembly where the Ra-226 content of the lower 10 inches of 
sample was estimated. These values are shown in the seventh column of 
Table 01.2.1, Addendum 01. 

At the time of the split-barrel sampling, the drilling supervisor 
inspected the samples as they were extracted to determine the depth of 
the physical Interface. This depth was based on visual and textural 
changes from the tailings material to the subbase material. Estimates 
of the depth to the physical Interface are listed in the third column 
of Table Dl.2.1, Addendum 01. 

By inspection of the SNL Ra-226 concentration estimates, the depth 
at which 15 pCi/g Ra-226 is reached can be estimated in 80 percent of 
the boreholes. The SNL data are insufficient to provide an objective 
estimate in the remaining 20 percent of the holes. The depths to 
the 15 pCi/g concentration are listed in column 8 of Table 01.2.1, 
Addendum 01. The average depth below the tailings pile from the 
physical interface to the 15 pCi/g concentration is 4.76 feet. This 
value was added to the physical interface depth for boreholes where 

4' data did not allow an objective determination of the depth to the 
^ '/ 15 pCI/g concentration. 

0/3.^- GAMMA RADIATION 

'* ' The radiological characteristics of the Ambrosia Lake site are 
extremely complex. The designated site 1s in the center of the 
Ambrosia Lake Mining District within the Grants Mineral Belt. Mining 
and milling activities around the site extended for two to three miles 
in virtually all directions but have reduced significantly in recent 
years. Because of the extensive uranium development in the area, the 
areal extent of contamination in excess of the EPA standards is very 
large. The contribution to total contamination due to the operation of 
the inactive Phillips/UNC facility is very difficult to separate from 
the contamination due to the other facilities and activities in the 
area. 

An aerial radiological survey (E6&G, 1981) was conducted in August, 
1981. Figure 0.3.1 is reproduced from the aerial survey and shows the 
average values of gamma radiation fields surrounding the site. The 
5 pCI/g level of radium contamination corresponds to the lower end: of 
the range indicated by the letter "C" or 18 to 19 microR/hr. The mill 
complex and ore storage area correspond to the "F" field 2000 feet east 
of the pile. The small "F" area about 2000 feet south of the south
east corner of the pile corresponds with the location of Kerr-McGee's 
Section 33 mine. 
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The "F" area 4000 to 6000 feet east of the mill yard represents 
the UNC Section 27 mine. There are several roads between the mine and 
the Phillips/UNC mill which exhibit significantly elevated gamma 
levels. This is a result of ore being transported along these routes 
to the Phillips/UNC mill. A heap leach pile covering two to three 
acres lies to the east-southeast of the mill yard area 2000 feet 
distant. There are several large diameter pipes connecting the mill 
yard area to this pile, indicating that Its presence is likely due to 
the operation of the Ambrosia Lake facility. Both the mine and heap 
leach pad are well beyond the designated site boundary. 

< An additional feature which is contaminated and related to the 
facility IS a canar which extends_f,rom_the-jnilJ—yAcd—to-th&--«;otit-hfraj;4— 
about 6000 feet, where it joins other canals_from_otke.r_mtnes_and-m1-l-U 
at tlie laqoon caTTea"Voght Tank,, Wh^^gL-^*^^ contamination in this 
canal system is due to contaminated discharges from the site is 
unknown. Additionally, the contribution of contamination due to each 
facility connected by the canal system is unknown. 

Primary access roads crossing the valley are contaminated due to 
past mining activity. Contamination along these roads extends almost 
1000 feet to either side. The potential for sources other than the 
Phillips/UNC tailings to have contributed to contamination around the 
designated site is unknown. This is particularly true for the elevated 
readings Indicated in Figure 0.3.1 for the area southwest of the pile 
to New Mexico Highway 509. A radiological survey to define the limit 
of contamination attributable to the Phillips/UNC tailings has been 
conducted and is discussed in section D.3.7, Off-Pile Contamination. 

An area of contamination northeast of the Phillips/UNC tailings 
pile is readily apparent and extends nearly a mile to the east-northeast 
from the pile edge. The contamination due to windblown tailings versus 
that resulting from Section 27 mine windblown ore has been estimated by 
Bendix (BFEC, 1985b). The shape of the contour between areas " C and 
"D" indicates that only in the immediate vicinity (500 to 1000 feet) of 
the mine workings does windblown ore dominate the contamination. This 
is to be expected due to the larger-than-tailings particle size of 
typical ore material. 

0.3.7 OFF-PILE CONTAMINATION 

The off-pile surface contamination data reflect the extent of 
windblown and waterborne contamination as well as contaminateQn_due_to 
ore storage and min1"hg operations. FBDU (1981) conducted off-pile 
-SlJ-rlajce__contam1nat"ion surveys, using delta measurements and, based on 
these surveys, determined a preliminary 5 pCi/g Ra-226 boundary (Figure 
0.3.4). Ihe measurements were made~as1ng a lMRI'~sR'ieTaedT~u'rn'(n'rec^ 
tlonal scintillometer. By taking the measurements with the unshielded 
end one Inch above ground surface, and then placing a 0.5-inch shield 
over the unshielded surface and repeating the measurements, a difference 
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9 is obtained. This difference, known as "delta," can be used to esti
mate the contamination at the point of measurement (F80U, 1981). Based 
on the small amount of data obtained, the distance between sample 
traverses, and the lack of evidence of a good calibration, the FBDU 

~ boundary in Figure 0.3.4 is considered only an approximation. 

Limited surface soil sampling was" also conducted at the site 
— (ORNL, 1980). The results of the survey are shown in Table 0.3.2. The 

samples indicate that extensive contamination exists In the ephemeral 
washes around the site. Because of the limited nature of the ORNL sam-

_ pling program, all that can be assessed is that there are indications 
of contamination across and extending far beyond the designated site. 

In order to obtain a more reliable estimate of the areal extent 
— of the off-pile surface and subsurface contamination, a more exten

sive survey was conducted by Bendix (BFEC, 1985b). The sampling 
procedure used by BFEC allows an accurate determination of the extent 

_ of contamination off the pile. 

Several methods were employed to determine Ra-226 activity. Soil 
samples and delta measurements were taken to aid in the character!za-

~ tion of the areal extent of the contamination to a depth of 24 inches. 
The extent of contamination below 24 Inches was determined by borehole 
gamma-logging and analysis of split-barrel soil samples. 

1̂  Soil samples and delta measurements were taken in an alternating 
g ^ manner. Initially, a zero-to-six-Inch depth soil sample was collected, 
j y P followed by a delta measurement at the six-Inch depth. If the delta 

measurement detected a Ra-226 concentration in excess of 5 pCi/g, a 
second soil sample (six-to-twelve-Inch) was collected, followed by a 
12-Inch delta measurement. This alternating sequence was repeated 

~ until either the delta measurement indicated a value less than 5 pCi/g 
or a depth of 24 inches was reached. All soil samples were analyzed 
using gamma-ray spectrometry for Ra-226 content. Several were also 

— analyzed for Th-230 and natural uranium contents. 
The extent of contamination below 24 inches was determined by 

_ interpretation of the results of 225 off-pile borehole gamma-logs. Log 
data were recorded in successively deeper six-inch intervals. In 41 of 
the borehole locations, split-barrel soil samples were also taken and 
analyzed by gamma-ray spectrometry. 

^ The soil sample results were used to determine the areal extent 
and depth of Ra-226 concentrations exceeding 5 pCi/g (Figure 0.3.5)..^ 

Because a portion of the contamination was thought to result from 
spillage of ore during uranium mining and transport activities, it'was 

_ necessary to examine the Ra-226/U-238 ratio in a number of samples to 
determine whether the associated radioactivity was attributable to 
uranium ore o r tailings. The Ra-226/U-238 ratio was determined for 19 
samples known to be ore and six samples known to be composed of tail-

— ings. A Behrens-Fischer T-test and a Wilcoxon Two-Sample Rank Test 
were performed on the two sample populations; from these tests, it was 
determined that with a 99 percent degree of confidence the means of the 9 
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two sample populations could be distinguished. A mean Ra-226/U-238 
ratio of 2.28 was determined for the ore samples along with a standard 
deviation of 0.759. The mean Ra-226/U-238 ratio of the tailings samples 
was 8.31 with a standard deviation of 3.01. A mean Ra-226/U-238 ratio 
of 12.3 can be derived from Mountain States Research and Development 
borehole samples taken directly from the tailings pile (MSRD, 1982). 
Assuming that the ratios for ore and tailings are normally distributed, 
95 percent confidence intervals for ore and tailings were 1.91-2.65 and 
5.15-11.47, respectively. A conservative ratio of four was used as the 
cut-off value in discerning between a soil sample containing o re and 
one containing tailings. Soil contaminated with ore is not required to 
be cleaned up under the UMTRA Project, 

Figure 0.3.5 also indicates the off-pile areas contaminated below 
0.5 foot. The average depth of contamination In the twelve areas drawn 
ranges from one foot to 10.5 feet. The average depth of contamination 
in each area identified in Figure 0.3.5 was estimated by determining 
the depth to the 5 pCl/g concentratTorTat each measurement locafion and 
averaging the depThs. in most areas, fhe depth to t"he 5 pCT7g concen
tration was six inches below the 15 pCi/yinterface: Furfhermore, f T 
wa«; felt that if backfilling of an area wouHa be requlTrdT"thi'S-deciston~ 
was best made during the remedial action. 

Note that the depths of contamination shown in Figure D.3.5 are 
average depths. It is not Intended that these entire areas be excavated 
uniformly to this average depth. These average depths were used for 
preliminary volume estimates only. The depth of contamination to the 
5 and 15 pCi/g concentration at each measurement location is listed in 
Table 0.3.3 by location identification number. Plate 1 is a map showing 
the relative position of each measurement location and the depth to the 
5 pCi/g Ra-226 concentration. The actual depth of excavation at any 
particular point must be determined by excavation control measurements 
during remedial action. 

Adjacent to the eastern and northern edge of the pile are the mill 
yard, ore storage area, and Ann Lee Mine, The average depth of contam
ination in this area is two feet and ranges from zero to five feet. 
Refer to Plate 1 to determine the depth to the 5 pCi/g concentration at 
a given measurement location. 

East of the drainage canal is the leach pad and the protore stor
age pile. The leach pad was an experimental facility used to process 
low-grade protore extracted from the Section 27 mine. The pile east 
and south of the leach pad is a stockpile of protore. The depth of 
contamination in the 1.10-acre leach pad area is based on the average 
of two borehole measurement locations. One hole had a total contami
nated depth of 5.5 feet; the other hole indicated contamination to a 
depth of 15.5 feet. The protore storage pile had an average depth of 
5.5 feet. This pile is surrounded by 13.13 acres contaminated to an 
average depth of 3.5 feet. 

The topography of the protore storage pile is irregular. It 
was estimated that ridges extending an average of 4.2 feet above the 
local ground surface cover one-third of the pile area. Six boreholes 
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9 0.9 METEOROLOGICAL DATA 

0.9.1 PURPOSE 

Meteorological data are provided to: 

0 Estimate the length of the construction season. 

0 Plan construction dust control. 

0 Plan construction runoff control. 

0 Design long-term erosion c o n t r o l . 

0 Determine long-term moisture content of cover materials. 

0 Determine any extraordinary protection required for personnel 
or equipment. 

0.9.2 WEATHER PATTERNS 

The climate of the Ambrosia Lake area is characterized by low 
precipitation, aburidant sunshine, low relative humidity, and moderate 
temperatures with large diurnal and annual ranges. The regional 
climate is classified as semi-arid and continental (QMC, 1981). 

0.9.3 WIND 

The topography in the area suggests a wind regime dominated by 
two major Influences: nighttime drainage of cold air from the high 
mesas, and channeling of synoptic winds through the northwest-southeast 
oriented valley (QMC, 1981). 

The wind data from a meteorological station operated by the New 
Mexico Environmental Improvement Division (NMEID) 0.25 mile north of 
the tailings pile are presented in Table 0.9.1 and Figure 0.9.1. The 
predominant wind directions observed were westerly and 
north-northwesterly. 

Wind data from the combined National Weather Service Stations 
at Acomlta and Grants, New Mexico, are considered representative of 
regional wind conditions. Wind data from this station are presented in 
Table 0.9.2. At the Acomita-Grants weather station, 17 miles southeast 
of the tailings site, the annual average wind speed is 9.3 miles per 
hour (all directions); the most frequent wind directions are from the 
west (19.6 percent) and northwest (13.1 percent). Calm conditions 
occur 6.6 percent of the time (FBDU, 1983). 
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D.9.4 TEMPERATURE 

The Ambrosia Lake area exhibits a large diurnal range in tempera
ture, which is conducive to nighttime inversion formations. Ten and 
one-half months of measurements at the NMEID monitoring site show a 
mean daily minimum of 40.9'*F, and a mean daily maximum of 65.2*F. The 
mean daily average of 53.5'*F agrees reasonably well with the long-term 
(1962-1974) average of 49.2"F measured at the Floyd Lee Ranch near San 
Mateo, New Mexico, 13 miles southeast of the tailings site (QMC, 1981). 

Gulf Mineral Resources Company has established several meteoro
logical monitoring stations in the Mt. Taylor area. Temperature data 
from station No. 1 at 7280 feet near San Mateo, New Mexico, are given 
in Table 0.9.3 for a one-year period between February, 1976, and 
January, 1977 (QMC, 1981). Temperatures at this station are expected to 
be somewhat lower than those at the tailings site due to the difference 
in elevation between the two locations. 

0;9.5 PRECIPITATION 

Most of the precipitation in the project area occurs during the 
late summer thunderstorm season, although there is considerable monthly 
and annual variation in total rainfall. Table 0.9.4 presents long-term 
precipitation measurements made at San Mateo (Floyd Lee Ranch) and 
three other regional stations. The long-term annual average for San 
Mateo was 8.83 Inches with a maximum of 13.55 Inches in 1956. August 
was the wettest month with an average of 2.13 Inches, and a maximum of 
4.38 Inches in 1948. Most of the winter precipitation in this area 
falls as snow (QMC. 1981). 

0.9.6 FROST 

Freezing and thawing of the surface occurs frequently from December 
through March. The average annual frost-free period is 120 days (NOAA, 
1979). The average maximum frost penetration in soils in the Ambrosia 

^ Lake area based on a 40-year period of record (1944-1984) is 24 inches 
(Losito, 1985). 

0.9.7 EVAPORATION 

The mean annual lakie—^eyaporation In the area Is 54 Inches. 
Seventy-two percent of the annual evaporation occurs from May through 
October (NOAA, 19797: — 
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0.8 GROUNDWATER HYDROLOGY 

0.8.1 INTRODUCTION 

9 

The U.S. Environmental Protection Agency (EPA) has established 
health and environmental protection regulations to correct and prevent 
groundwater contamination resulting from processing activities at 
inactive uranium processing sites (40 CFR 192). According to the 
Uranium Mill Tailings Radiation Control Act (UMTRCA), the U.S. Depart
ment of Energy (OOE) is responsible for assessing the processing sites. 
The OOE has determined this assessment shall include (DOE, 1988): 

o Definition of hydrogeologic characteristics of the environment. 
Including hydrostratigraphy, aquifer parameters, areas of 
aquifer recharge and discharge, potentiometric surface, and 
groundwater velocity. 

0 Comparison of existing water quality with background water 
quality, and the maximum concentration limits (MCLs) of the 
proposed EPA groundwater protection standards. 

0 Definition of physical and chemical characteristics of the 
contaminant source, including concentration and leachability 
of the source in relation to migration in groundwater and 
hydraulically connected surface water. 

o Description of local water use including availability, current 
and future use and value, and alternative supplies. 

0 Evaluation of the compliance of the remedial action with the 
EPA groundwater protection standards. 

On January 5, 1983, the EPA promulgated final standards for the 
disposal and cleanup of the inactive uranium processing sites under the 
UMTRCA (48 FR 590). On September 3, 1985, the groundwater provisions 
of the regulations (40 CFR 192.20(a)(2)-(3)) were remanded to the EPA 
by the U.S. Tenth Circuit Court of Appeals. On September 24, 1987, the 
EPA issued proposed groundwater regulations to replace those set aside 
(52 FR 36000). 

The DOE characterized groundwater quality at the Ambrosia Lake 
tailings site and compared it with the MCLs of the proposed EPA ground
water standards for remedial action at inactive uranium processing 
sites. The OOE does not anticipate that any substantial changes to the 
remedial action design will be required to comply with the final EPA 
groundwater standards. When the final EPA groundwater protection 
standards are issued, the DOE will fully determine the need for insti
tutional controls, aquifer restoration, or other controls as part of a 
separate decision-making process under the National Environmental 
Policy Act. 
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Summary 

To comply with the proposed EPA groundwater protection standards 
for remedial action at inactive uranium mill tailings sites (40 CFR 
Part 192), the DOE has characterized the hydrogeology, groundwater 
quality, and water resources at the Ambrosia Lake site in New Mexico. 
This summary is followed by a detailed discussion of the site 
characterization. 

0 The Ambrosia Lake tailings site is underlain by alluvium which 
grades into weathered Mancos Shale on the eastern side of the 
site. The alluvium/weathered Mancos Shale are hydraulically 
interconnected and behave as a single hydrologic unit. The 
Tres Hermanos-C Sandstone of the lower Mancos Shale subcrops 
into the alluvium beneath the western side of the tailings 
site. Other hydrostratigraphic units beneath the site which 
may be water-bearing include (in descending order) the Tres 
Hermanos-B and -A Sandstones of the lower Mancos Shale, the 
Dakota Formation, and the Westwater Canyon Member of the 
Morrison Formation. 

0 The condition of saturation in the alluvium/weathered Mancos 
Shale at the site exists due to the uranium mmrng a"CttvftTe's~ 

.. in the area. Seepage from an unlined mill make up process 
water pond, discharge of mine water from the Ann Lee Min-e.._aod_ 

water in the alluvium and weathered Mancos Shale. Groundwater 
^in the area of saturati.o.n_J.n__the-_a.lJ-UvJ.um/wea.t.h-ered Mancos 
^hafle north of the pile flows to the southwes-t—unde^^he 
~tai lings .along_Jbhe southwestenly_sJ.op.i.ng-Contac.t,_of the Mancos 
Shale under a hydraulic gradient averaging 0.025 foot per foot. 
The average hydraulic conductivity in the alluvium/weathered 
Mancos Shale is 3.48 x 10~* centimeter per second (cm/s) and 
the average linear groundwater velocity is 6.69 x 10"^ cm/s. 

0 The alluvium/weathered Mancos Shale and the Tres Hermanos-C 
Sandstone are incapable of producing more than 150 gallons per 
day, which classifies the groundwater contained in these units 
as limited use (Class III) groundwater. The existing level of 
saturation in the alluvium/weathered Mancos Shale will probably 
not be sustained after remedial actions are completed. Ground
water within the Tres Hermanos-C Sandstone is recharged mostly 
from seepage from the alluvium in the subcrop area. The extent 
of recharge from the alluvium will diminish after remedial 
action. 

0 The Tres Hermanos-C Sandstone is only basally saturated, 
receiving most of its recharge from the overlying alluvium/ 
weathered Mancos Shale where it subcrops on the western side of 
the pile. Groundwater within the Tres Hermanos-C Sandstone 
flows to the northeast in the direction of regional dip under a 
hydraulic gradient averaging 0.025 ft/ft. The average hydraulic 
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conductivity in the Tres Hermanos-C Sandstone is 2 67 x 10"^ 
cm/s and the average linear groundwater velocity is 1.37 x 
10"* cm/s. 

0 Groundwater within the Westwater Canyon Member of the Morrison 
Formation flows to the northeast in the direction of regional 
dip under a hydraulic gradient averaging 0.026 ft/ft. The 
average hydraulic conductivity in the Westwater Canyon Member 
is 4.31 X 10"* cm/s and the average linear groundwater 
velocity Is 1.14 x 10~* cm/s. 

0 Because there was originally no saturation in the alluvium, no 
pre-operational water quality data is available. It is only 
possible to establish existing water quality as background for 
the isolated pocket of saturation in the alluvium and weathered 
Mancos Shale. 

0 Maximum observed concentrations of chromium, molybdenum, 
nitrate, lead, selenium, silver, uranium, and activities ot" 
radium 225 and 228 and gross alpha in pore fluids in the 
tailings and unsaturated alluvium beneath the tailings exceed 
the proposed MCLs. 

0 Maximum observed concentrations of chromium, molybdenum, 
nitrate, lead, selenium, silver, uranium, and activities of 
radium 226 and 228 and gross alpha in groundwater in the 
al luvTum/weat^hered Mancos Shale exceed the proposed MCLs. 
,Maximum observed concentrations of cadmium, chromium, mo1"y5^ 
denum, nitrate, selenium, silver, uranium, and activities of 
radium 226 and 228 and gross alpha in groundwater in the Tres 
Hermanos-C Sandstone Member exceed the proposed MCLs" 

0 Maximum observed concentrations of cadmium, chromium, lead, 
molybdenum, selenium, silver, uranium, and activities ot raaium 
226 and radium 228 in groundwater i7i the westwater canyon 
Member of the Morrison Formation exceed fhe propo?ga~MCinr: 

Geochemical simulation of mixing tailings pore fluids with 
mill make-up water suggests that groundwater in the alluvium/ 
weathered Mancos Shale is derived largely from these two 
sources. Concentrations of nitrate, a conservative species, 
are relatively the same in groundwater in the alluvium/ 
weathered Mancos Shale and the Tres Hermanos-C Sandstone 
suggesting much of the groundwater in the Tres Hermanos-C 
Sandstone is derived from seepage from the alluvium/weathered 
Mancos Shale. 

A comparison of concentrations of hazardous constituents in the 
Tres Hermanos-C Sandstone with those in the Westwater Canyon 
Member of the Morrison Formation indicates that seepage down 
mine shafts and vent holes will not influence water quality in 
the Westwater Canyon Member. Concentrations of most hazardous 
constituents in the Tres Hermanos-C Sandstone are lower than 
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those in the Westwater Canyon Member and the relative rate of 
groundwater underflow in the Westwater Canyon Member compared 
to the Tres Hermanos-C Sandstone assures that no water quality 
impacts will occur in the Westwater Canyon Member. 

0.8.2 GROUNDWATER INVESTIGATIONS 

Regional hydrogeologic investigations have been conducted in the 
southern portion of the San Juan Basin in McKinley County, which 
Includes the Ambrosia Lake uranium mining district, by the state of 
NewMexico (Brod and Stone, 1981; Cooper and John, 1968). Extensive 
uranium exploration, mining, and milling activities in the Ambrosia 
Lake area from the 1950's through the 1980's have resulted in publi
cation of economic mineral investigations by Federal and state govern
ment agencies, reports by mining companies conducting operations in the 
district, and reports on water resources and water quality resulting 
from these activities. 

~~. Preliminary site-specific investigations conducted at the Ambrosia 
Lake uranium mill tailings site Include an engineering assessment by 
Ford, Bacon & Davis Utah Inc. (FBDU, 1981), an economic evaluation of 
the uranium mill tailings by Mountain States Research and Development 
(MSRD, 1982), and a preliminary environmental assessment by the DOE 
(OOE, 1983). 

Additional hydrogeologic field data were collected by the DOE 
during 1985 and 1989 to further characterize the lithology, groundwater 
elevations and hydraulic gradients, aquifer properties, and groundwater 
quality at the Ambrosia Lake site. In 1985, the OOE installed 26 four-
inch polyvinyl chloride (PVC) monitor wells (773 through 799) at the 
site (Figure D.8.1 and Table 0.8.1). In 1989, the OOE installed another 
eight, four-inch PVC monitor wells (674 through 681) at the site. 
Details of monitor well construction and installation are available for 
review in the Uranium Mill Tailings Remedial Action (UMTRA) Project 
Office, Albuquerque, New Mexico. Of the 34 monitor wells, 15 are cur
rently being sampled for water quality analyses, 13 are dry, four are 
not being sampled because of high pH values resulting from grout con
tamination during installation, and two have been sealed to facilitate 
the remedial action program. The monitor wells have been screened in 
several hydrostratigraphic units. Including the alluvium/weathered 
Mancos Shale, the Tres Hermanos-C, -B and -A Sandstone units, and the 
Dakota Sandstone, Of the 15 wells currently being sampled, four are in 
the alluvium, seven are in the Tres Hermanos-C Sandstone, and two are 
in the Tres Hermanos-B Sandstone, and one each in the Tres Hermanos-A 
and Dakota Sandstones. To characterize tailings fluids, two lysimeters 
and nine well points were Installed in the tailings material (Figure 
0.6.2 and Table 0.8.2). 

Groundwater elevations were measured in monitor wells during 
October 1985, Hay 1986, April and July 1988, and February 1989 to 
construct potentiometric surface maps to determine the directions of 

D-20B 



9 

groundwater flow. Slug tests were performed in monitor wells to mea
sure hydraulic conductivities of lithologic units under the site. A 
pumping test was performed in a monitor well to determine the transmis-
sivity, storativity, and sustainable yield of the alluvium/weathered 
Mancos Shale. Water samples were collected from monitor wells during 
October 1985, May 1986, April and July 1988, and February 1989 to 
determine background water quality, and the degree and extent of 
contamination caused by the uranium mill tailings at the site. All 
field and laboratory procedures and calculations were performed in 
accordance with the DOE Technical Approach Document (DOE, 1989). 

0.8.3 HYDROSTRATIGRAPHY 

The Ambrosia^Lafc^<taiHngs site is underlain bv alluvium fOuater-
nary) which grades into weathered Mancos Shale (Cretaceous) Q̂jn_Jthe-
eastern side of the site. The Tres Hermanos-C Sandstone of the lower 
Manc0s Shale subcrops into the amw1llifrbeneat'tr"the western sfde of the 
tailings site. Other hydrostratigraphic units beneath the site which 
may be water-bearing include (in descending order) the Tres Hermanos-B 
and -A Sandstones of _the lower Mancos Shale, the Dakota Format!orT 
(CrMaceoiTs)'7 and~the~Wes"t^<ater Canyon Member of the Morrison Formation 
(Jurassic), r Hydrostratigraphic units below the Westwater Canyon Member 
will not be impacted by tailings seepage because there is an upward 
hydraulic gradient into the Westwater Canyon Member, and the underlying 
units are separated by more than 150 feet of shale., .siltstone. _and 
sandstone of the Recapture Member of the Morrison Formation, which was 
not disturbed during uranium mining. 

• 

The alluvium at the site generally consists of very fine-grained 
sand and clay with occasional basal gravel layers. The alluvium was 
deposited on the southwestward sloping bedrock surface, and ranges in 
thickness from several feet on the east side of the tailings to almost 
60 feet on the west side of the soutliweTt corner ot~TtTg~tl1inTp— 
(Figure 0.8.3). " " " 

Bedrock at the site dips several degrees to the northeast (Figures 
0.8,4 through 0.8.8). Because the topography slopes to the southwest, 
progrfsTively ol(ief~bedrocT( formations subcrop beneath the alluvium in 
thii5~~dlTep't1 on. Tfie~Mancos Shale subcrops in the alluvium under the 
eastern side of the tailings, and the Tres Hermanos-C Sandstone subcrops 
under the alluvium on the western side of the tailings (Figures 0.8.4 
through 0.8.8), The Tres Hermanos-C Sandstone consists of an upper 
(Tres Hermanos-Cl) and lower (Tres Hermanos-C2) member separated by a 
10- to 15-foot thick interbed of shale near the top of the unit. The 
Tres Hermanos-C Sandstone unit has an average thickness of 60 feet and 
grades Into the Mancos Shale near the bottom. Approximately 50 feet of 
Mancos Shale separates the Tres Hermanos-C Sandstone from the under
lying Tres Hermanos-B Sandstone, Generally, no water quality impacts 
from tailings seepage have occurred in deeper formations below the Tres 
Hermanos-C Sandstone because they subcrop to the southwest of the 
tailings and are separated from the Tres Hermanos-C Sandstone by the 
low hydraulic conductivity Mancos Shale. However, some groundwater 
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affected by tailings seepage may discharge down mine shafts and vent 
holes to the Westwater Canyon Member in the site vicinity. 

The Westwater Canyon Member of the Morrison Formation Is approxi
mately 200 feet thick in the area and consists of fine- to coarse
grained arkosic sandstone typical of fluvial deposits. Uranium ore 
within the Westwater Canyon Member has been extensively mined in the 
Ambrosia Lake mining district, 

0,8,4 HYDRAULIC CHARACTERISTICS 

Unconfined groundwater occurs in the alluvium/weathered Mancos 
Shale, Depths to groundwater range from 15 to 45 feet, A water table 
map for the alluvium/weathered Mancos Shale 1s presented in Figure 
0.8.9, The alluvium/weathered Mancos Shale is not continuously satu
rated in the vicinity of the tailings pile. The maximum observed 
thickness of saturation in the alluvium/weathered Mancos Shale is no 
more than 15 feet and occurs south of the western corner of the 
tailings pile (monitor well 675). The alluvium has been found to be 
saturated only along the northeastern portion of the tailings pile, but 
the alluvium remains dry to the south and west of the tailings. Hydro-
graphs of wells screened in the alluvium/weathered Mancos Shale located 
along the northeast corner of the tailings pile indicate groundwater 
levels have dropped approximately 1.5 feet between the period of October 
1985 to February 1989 (Figure 0.8.10 and Table 0.8.3). Groundwater 
levels have remained relatively constant in wells screened in the Tres 
Hermanos-C Sandstone over the same period of time. Groundwater eleva
tion data from monitor wells completed through the tailings into the 
alluvium and weathered Mancos suggest that there may be some extent of 
saturation below the tailings. However, wells completed through the 
tailings were not used to prepare the water table map because the 
integrity of well seals in tailings could not be determined. 

Groundwater within the alluvium/weathered Mancos Shale is naturally 
recharged by flows from arroyos off Roman Hill to the northeast of the 
site. Some basal saturation may occur where the alluvium is underlain 
by the relatively low-hydraulic conductivity unweathered Mancos Shale. 
Seepage from the unlined mill process (make-up) water pond, discharge 
of mine water from dewatering the Ann Lee Mine, and seepage from the 
tailings have artificially recharged groundwater in the alluvium and 
weathered Mancos Shale at the site (Figure 0.8,6). Cravens and Hammock 
(1958) report "the valley fill (alluvium) does not contain much water 

^ north of the McKinley County line. -A1T~BgteT—tnr-the alluvium north-trf-
. the McKinley County line is either seepage from waste ponds at the Kerr 
^-Mc6ee_(Quivira) an'd Phillips (Ambrosia Lake talTlngs sil"?) mills or 
mine water, which is pumped to the surface from the Westwater Canyon 
Member of the Morrison Formation,*" 

Groundwater in the area of saturation in the alluvium/weathered 
Mancos Shale north of the pile flows to the southwest under the 
tailings along the southwestward sloping contact of the Mancos Shale 
under a hydraulic gradient averaging 0,025 foot per foot (ft/ft) 
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(Figure D.8.9). Groundwater commingles with tailings seepage as it 
flows under the pile and recharges the Tres Hermanos-C Sandstone in its 
subcrop area in the western side o f the tailings (Figure D.8.6). 
Monitor wells to the southwest of the tailings are dry because the Tres 
Hermanos-C Sandstone accepts the flow in the alluvium/weathered Mancos 
Shale. Although some saturation in the alluvium is evident several 
thousand feet southwest of the site, this groundwater is associated 
with the discharge of mine dewatering in the Arroyo del Puerto, which 
is topographically much lower and not hydraulically connected to the 
alluvium at the Ambrosia Lake site. 

Groundwater within both the upper and lower Tres Hermanos-C 
Sandstone beds flow to the northeast in the direction of regional dip 
under a hydraulic gradient averaging 0.026 ft/ft for the upper (Tres 
Hermanos-Cl) and the lower (Tres Hermanos-C2) member (Figures 0.8.5, 
0.8.6, 0.8.11, and 0.8.12). The Tres Hermanos-C Sandstone is uncon
fined in the vicinity of the tailings and groundwater elevations from 
monitor wells completed in both the upper and lower sandstone beds 
(which are separated by 10 to 15 feet of shale) suggest that there is 
basal saturation in each unit. The Tres Hermanos-C Sandstone may have 
originally been saturated in the premining days, but was depressurized 
by seepage down mine shafts and vent holes in the vicinity. Existing 
basal saturation is probably sustained by recharge from the alluvium in 
the subcrop area of the Tres Hermanos-C Sandstone. 

The Tres Hermanos-B Sandstone is separated from the Tres Hermanos-C 
Sandstone by 50 feet of contiguous Mancos Shale. This shale is of suf
ficiently low-hydraulic conductivity to prevent the vertical migration 
of contaminants, even though there are vertically downward hydraulic 
gradients. Groundwater within Tres Hermanos-B Sandstone beds flows to 
the northeast in the direction of regional dip under a hydraulic gradi
ent averaging 0.04 ft/ft (Figures 0.8.5, 0.8,6, and D.8.13). Monitor 
well 789. completed in the top of the Tres Hermanos-B Sandstone is dry, 
which Indicates that there may be only basal saturation in the Tres 
Hermanos-B as seepage down mine shafts and vent holes has caused 
depressurization. Flow down mine shafts and vent holes could not 
potentially contaminate the Tres Hermanos-B Sandstone or any other 
water-bearing formations above the Westwater Canyon Member because the 
mine shafts and vent holes are points of groundwater discharge. Fur
thermore, the Tres Hemanos-B subcrops in the alluvium to the west of 
the site and contamination in the alluvium from the site could not 
potentially recharge the Tres Hermanos-B Sandstone. 

Groundwater in the Westwater Canyon Member flowed downdip to the 
northeast into the San Juan Basin during premining days (Figure 
0.8.14), Development of the ore body necessitated dewatering of the 
Westwater Canyon Member, The potentiometric surface has been modeled 
(Lyford et al., 1978) and the potentiometric surface of the Westwater 
Canyon Member in the Ambrosia Lake area represents a potentiometric 
trough depressurized by several hundred feet (Figure 0.8.15). Ground
water will continue to flow towards this trough for approximately the 
next 100 years as the Westwater Canyon Member starts to repressurize. 
Flow in the site area is probably downdip towards the Ann Lee Mine or 
towards the potentimetric depression to the southeast (Figure 0.8.16). 
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Several falling head slug displacement tests were conducted in the 
monitor wells at the Ambrosia Lake site to measure the hydraulic con
ductivities of the lithologic units under the site. Methods used to 
analyze the slug test data and the calculated hydraulic conductivities 
are summarized in Table 0.8.4. Calculations are. on file at the 
Albuquerque Operations UHTRA Project office. 

An aquifer pumping test was performed in the alluvium/weathered 
Mancos Shale in well 675, located 200 hundred feet south of the Ambro
sia Lake tailings pile. The modified Theis method (Jacob straight-line 
method) was used to analyse the pumping test data, yielding transmis-
sivities ranging from 13 to 18 gallons per day per square foot 
(gpd/ft^) and a storage coefficient of 0,001, The saturated thick
ness of the alluvium/weathered Mancos Shale at this location is 15 
feet, yielding hydraulic conductivities ranging from 4,1 x 10"^ 
centimeters per second (cm/s) and 5,7 x 10"^ cm/s. The discharge 
rate during the pumping test was 0,35 gallons per minute (500 gallons 
per day) which could only be sustained for 12 hours before the pump 
broke suction when the drawdown exceeded 13 feet. Slug test data 
obtained from wells screened in the alluvium/weathered Mancos Shale 
yielded hydraulic conductivities comparable to the pumping test with a 
range of 1.9 x 10"^ cm/s to 1.1 x lO"^ cm/s and an average 
hydraulic conductivity of 1.4 x 10"* cm/s (Table 0.8,4). 

Horizontal hydraulic conductivities measured from slug tests in 
monitor wells in the Tres Hermanos-C Sandstone ranged from 1.1 x 10"^ 
cm/s to 1.2 X 10"3 cm/s and averaged 2.5 x 10"* cm/s. Monitor 
wells in the subcrop area of the Tres Hermanos-C Sandstone generally 
have higher hydraulic conductivities than the alluvium/weathered Mancos 
Shale or the portions of the Tres Hermanos-C Sandstone that are over
lain by Mancos Shale. No pumping tests have been conducted by other 
investigators in the Tres Hermanos-C Sandstone because the sandstone is 
either not present or is unsaturated to the southwest of the Ambrosia 
Lake site. 

Other investigators have also measured aquifer parameters in the 
Ambrosia Lake region. Hydraulic conductivities reported by these 
investigators for the alluvium, Tres Hermanos-B Sandstone and the 
Mancos Shale are presented in Table 0.8.5. 

Hydraulic conductivities of 1.0 x 10~3 cm/s to 5.0 x 10~3 cm/s 
were measured in slug tests in the alluvium at the Ambrosia Lake site 
(Thomson and Heggen, 1981). Two aquifer pumping tests, performed in 
wells AW-1 and AW-2 (shown in Figure 0.8.17) in the central channel of 
alluvium in the Arroyo del Puerto in the vicinity of Quivera Mining 
Company operations, yielded hydraulic conductivities of 2 x 10"* cm/s 
and 5 x 10~* cm/s and a storage coefficient of 2 x 10"^ (Garus. 
1980). These pumping tests were conducted in the thickest portion of 
the alluvium where sediments are substantially coarser than at the 
Ambrosia Lake site. 

Hydraulic conductivities of the Mancos Shale have been measured by 
several investigators in the Ambrosia Lake region. Weathered Mancos 
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Shale may range from 1.4 x 10"^ to 1.4 x 10"^ cm/s in horizontal 
hydraulic conductivity (Brod and Stone. 1981). However, a hydraulic 
conductivity of 4.3 x 10"^ cm/s was measured in undisturbed Mancos 
Shale and is probably representative of the vertical hydraulic con
ductivity of the Mancos Shale aquitard that occurs between the Tres 
Hermanos-C and the Tres Hermanos-B Sandstones (Thomson and Heggen, 
1981). 

The Tres Hermanos-C, -B, and -A Sandstones encountered at the 
Ambrosia Lake site are fine-grained (silt and very fine-grained 
sandstone) and are not easily distinguishable from the Mancos Shale. 
During drilling, the contacts between each Tres Hermanos Sandstone 
Member and the Mancos Shale often occurred as a subtle gradational 
lithologic change rather than a distinct and abrupt lithologic change 
with contact locations that could be discerned only on the basis of 
minor lithologic changes observed from geophysical logs. The gradual 
nature in litholigic changes between the Tres Hermanos sandstones and 
the Mancos Shale are reflected by the absence of sharp permeability 
contrasts between the Tres Hermanos Sandstones and the Mancos Shale. 
In particular, the hydraulic conductivities of the Tres Hermanos-B and 
-A Sandstones were too low to be quantified by slug tests. The Tres 
Hermanos-C had higher groundwater yields than the -A and -B Sandstones 
mainly due to the recharge the Tres Hermanos-C Sandstone receives from 
the overlying alluvium/weathered Mancos Shale. 

In situ single packer permeability tests conducted in the Tres 
Hermanos-B Sandstone in the vicinity of the Quivira Mining Company 
operations measured composite horizontal and vertical hydraulic 
conductivities that ranged from 1 x 10"^ to 1 x 10~* cm/s. 

Transmissivities for the Westwater Canyon Member were reported by 
Kelly et al. (1980) to range from 100 to 300 ft^/day. If the West-
water Canyon Member is approximately 200 feet thick, this would yield a 
hydraulic conductivity ranging from 7.74 x 10"^ to 2.32 x 10"^ cm/s. 

Oarcy's Law was used to calculate average linear groundwater velo
cities for the alluvium/weathered Mancos Shale, and the Tres Hermanos-C 
Sandstone. Using the hydraulic conductivities and hydraulic gradients 
of the alluvium/weathered Mancos Shale, and the Tres Hermanos-C Sand
stone, and assuming effective porosities of 13 and five percent, average 
linear groundwater velocities are 365 and 438 ft/yr. respectively 
(Table 0,8.6), 

The Theis equation (Freeze and Cherry. 1979) was used to compute 
drawdown in a hypothetical well completed in the alluvium/weathered 
Mancos Shale to determine if the well could sustain a yield of 150 
gallons per day for an extended period of time. A yield of less than 
150 gallons per day classifies the groundwater in the alluvium/weathered 
Mancos Shale as Class III by the criterion of limited use. The values 
for transmissivity and storage coefficient were obtained from an analy
sis of data collected during the pumping test performed on monitor well 
675, Monitor well 675 was Installed to a depth of 35 feet, penetrating 
the entire thickness of the alluvium/weathered Mancos Shale, which has 
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a saturated thickness of approximately 15 feet at that location. The 
saturated thickness for the alluvium/weathered Mancos Shale at the site 
is not constant or continuous and can vary from being unsaturated to 
being saturated to a thickness of 15 feet. Monitor well 675 was chosen 
for the pumping test because it has the largest saturated thickness of 
the monitor wells Installed in the alluvium/weathered Mancos Shale and 
probably produces the maximum amount of groundwater that can be obtained 
from the alluvium/weathered Mancos Shale at the site. Typically, as a 
rule of thumb, the maximum allowable drawdown for a well screened in 
water-table conditions is two-thirds the saturated thickness of the 
aquifer. Assuming a maximum saturated thickness of 15 feet, the 
maximum allowable drawdown is 2/3 x 15 feet = 10 feet. Assuming an 
average transmissivity of 15 gallons per day per foot, a storage 
coefficient of 0.001, and 10 feet as the maximum amount of available 
drawdown for the alluvium/weathered Mancos Shale aquifer, a constant 
discharge of 150 gallons per day cannot be sustained for more than a 
day (Table 0.8.7). The discharge from monitor well 675 during the pump 
test had a total dissolved solids (TOS) concentration of 7200 milli
grams per liter (mg/l). The limited extent of saturation within the 
alluvium/weathered Mancos Shale is a boundary condition that was not 
factored into the computation and provides additional conservatism to 
the computation of the long-term sustained yield. 

D.8.5 BACKGROUND GROUNDWATER QUALITY 

Background groundwater quality in the alluvium/weathered Mancos 
Shale and the Tres Hermanos-C Sandstone at the Ambrosia Lake site is 
considered existing water quality because mining and milling activities 
have created the conditions of saturation (Bostick, 1985). Groundwater 
within the alluvium/weathered Mancos Shale has been demonstrated 
through geochemical modeling to be derived from reinfiltration of mine 
dewatering discharge or tailings seepage (Section 0.8.8). 

Because there was originally no measurable water in the alluvium, 
preoperational water quality data are not available for the Ambrosia 
Lake site. It is only possible to establish existing water quality as 
background for the isolated pocket of saturation within the alluvium/ 
weathered Mancos Shale. Furthermore, the existing level of saturation 
in the alluvium/weathered Mancos Shale will probably not be sustained 
after remedial actions are completed. The concept of background water 
quality applies only to a sustainable aquifer with upgradient ground
water flow and the alluvium/weathered Mancos Shale are not aquifers. 
Existing water quality 1s therefore characterized in Section 0.8.7. 
Extent of Existing Contamination. 

Groundwater within the Tres Herraanos-C Sandstone at the Ambrosia 
Lake site is recharged primarily from seepage from the alluvium in the 
subcrop area. The extent of recharge from the alluvium will diminish 
after remedial action. Existing levels of saturation within the Tres 
Hermanos-C Sandstone may decrease as groundwater continues to drain 
into mine shafts and vent holes. However, the Tres Hermanos-C Sand
stone may eventually repressurize, if the current trend of reducing 
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mine dewatering persists. Some repressurization will probably occur by 
groundwater flow through mine shafts and vent holes completed in the 
Westwater Canyon Member up through the hydrostratigraphic section. 
Because levels of saturation are variable, there is no upgradient 
groundwater underflow and sources of recharge may change with time, 
existing water quality in the Tres Hermanos-C Sandstone must also be 
defined as background (Section 0.8.7), 

Present background groundwater quality of the Westwater Canyon 
Member has been identified in the Ambrosia Lake region by samples from 
mine water discharge (Table D.8.8), Water quality in the Westwater 
Canyon Member has changed as a result of commingling of seepage from 
overlying formations down mine shafts and vent holes. Kelly (1980) 
found groundwater from the Westwater Canyon Member to be a sodium 
bicarbonate type (Figure 0.8.18), The percentage of sulfate in mine 
water discharges from the Ann Lee Mine became higher over the period 
from 1963 to 1979, which may reflect the influence of seepage from the 
overlying Dakota Formation and tailings seepage within the Tres 
Hermanos-C Sandstone flowing down mine shafts and vent holes into the 
Westwater Canyon Member, Concentrations of cadmium, chromium, lead, 
molybdenum, selenium, silver, and uranium, and activities of radium-226 
and -228 exceed the EPA MCLs in the Westwater Canyon Member. It is 
necessary to determine background water quality for the Westwater Canyon 
Member, because most of the existing saturation in the Tres Hermanos-C 
Sandstone will drain into the Westwater Canyon Member through mine 
shafts and vent holes. The effects of the proposed remedial action on 
water quality in the Westwater Canyon Member, are discussed in Section 
0.8.8.4. 

0.8.6 TAILINGS CHARACTERIZATION 

Uranium ore was extracted using an alkaline leach process from 
1958 to 1963 at the Ambrosia Lake site (Figure 0.8.19). The main chemi
cals added in the mill process were sodium carbonate (Na2C03) and 
sodium hydroxide (NaOH) (caustic). In the precipitation process, sul
furic acid and ammonia are converted to a sodium salt. The sodium 
salt, along with other chemical constituents (Table 0.8.9), was dis
posed of in the tailings pond. A complete chemical analysis of this 
effluent is not available, but chemical compositions of alkaline-leach 
effluent are found in the literature (Table 0.8.10). The constituents 
of most concern for groundwater contamination, due to their high 
concentrations or potential health impacts, are selenium, molybdenum, 
nitrate, sodium, radium-226 and -228, sulfate, and uranium. 

To characterize tailings fluids, two lysimeters and nine well 
points were installed in the tailings material (Figure 0.8.2 and Table 
0.8.2). Major ions used to trace the extent of pond seepage migration 
in the groundwater are sulfate and sodium. A sulfate salt was the 
predominant component of the effluent discharged to the pile. Sulfate 
1s a conservative species that travels relatively unimpeded in the 
groundwater flow system. Sodium is not a conservative tracer, since it 
is subject to ion exchange reactions. However, the large amount of 
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soluble sodium discharged to the pile makes it a prime indicator for 
tailings pile seepage. Molybdenum, also not a conservative tracer but 
present in higher concentrations, was used as an additional indicator 
for tailings pile seepage. 

Concentrations of sulfate, sodium, and molydenum in the tailings 
pore water (lysimeter 759) are shown in Figure 0,8,20. Lysimeter 
759 recovered pore water having sulfate, sodium, and molydenum con
centrations of 11,000, 9880, and 247 mg/l, respectively. Tailings 
water from well points had concentrations of sulfate ranging from 5416 
to 7890 mg/l, sodium ranging from 4190 to 6620 mg/l, and molybdenum 
ranging from 95.9 to 250 mg/l. These values are consistent with the 
chemical composition of alkaline leach mill effluent given in Tables 
0.8.9 and 0.8.10. 

A list of well points and lysimeters installed in the tailings 
where hazardous constituents with concentrations that exceed EPA MCLs 
or laboratory method detection limits were measured is given in Table 
0.8.11. The following constituents exceed the proposed EPA MCLs for 
most samples: molybdenum, radium-226 and -228, selenium, and uranium. 
Chromium and nitrate MCLs were exceeded in a small number of samples. 

Lysimeter 757 was Installed in the unsaturated alluvium/weathered 
Mancos Shale, beneath the tailings pile, and above the perched water 
table. The analyses of two pore water samples collected from 757 are 
listed in Table 0.8.21. Concentrations of sulfate ranged from 7640 to 
8010 mg/l. sodium ranged from 4790 to 6090 mg/l, and molybdenum con
centrations ranged from 155 to 158 mg/l. These concentrations are 
within the range measured in the tailings pore water. This is to be 
expected as no mixing has taken place with the underlying perched water 
or groundwater. 

Hazardous constituents analyzed in water samples collected from 
lysimeter 757 that exceed EPA MCLs are listed in Table 0.8.11 and 
include molybdenum, nitrate, selenium, and uranium. Antimony, cobalt, 
copper, cyanide, fluoride, nickel, tin, vanadium and zinc are hazardous 
constituents without MCLs, but were present in tailings pore fluid at 
concentrations above laboratory method detection limits (Table 0.8.16). 

Tailings pore water was collected from lysimeter 751 for analysis 
of Appendix I organic constituents, Hethyl ethyl ketone was the only 
Appendix I organic constituent detected, but at a concentration that 
was below the laboratory method detection limit. The maximum observed 
concentrations of Appendix I inorganic constituents for the tailings 
pore water are shown in Table 0,8,11. 

0.8.7 EXTENT OF EXISTING CONTAMINATION 

Water samples were collected from monitor wells at the Ambrosia 
Lake site and analyzed to determine the quality of groundwater in the 
alluvium/weathered Mancos Shale and in the Tres Hermanos-C and -B Sand
stones to define the extent of the groundwater contamination caused by 
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9 seepage of leachate from the tailings pile and mine water discharge 
(Tables 0.8.12 through 0.8.20). Contaminants in groundwater related to 
the tailings pile and mine water discharge are present in the saturated 
zones of the alluvium/weathered Mancos Shale and in the Tres Hermanos-C 
Sandstone. 

Alluvium and weathered Mancos Shale 

Prior to the uranium mill activities, the alluvium/weathered 
Hancos Shale was unsaturated; therefore, background water quality is 
the existing groundwater quality (see Section 0.8.5. Background Water 
Quality). Concentrations of chromium, molydenum, nitrate, lead, 
selenium, silver, and uranium, and activities of radium-226 and -228 
and gross alpha in groundwater In the alluvium/weathered Mancos Shale 
exceed the proposed EPA MCLs (Table 0.8.12). The sulfate anion is used 
as an indicator of the extent of tailings-related recharge in the 
alluvium/weathered Mancos Shale (Figure 0.8.21). Monitor wells are 
probably Influenced by tailings seepage as indicated by high sulfate 
concentrations in 674, 675, 792, and 793. Concentration distributions 
for molybdenum and uranium are shown in Figures 0.8.22 and 0.8.23 for 
the February 1989 sampling round. 

No Appendix I organic constituents were detected in groundwater 
samples collected from monitor well 793, located along the northeast 
corner of the tailings pile. The maximum observed concentrations for 
Appendix I inorganic constituents in groundwater samples collected from 
the alluvium/weathered Mancos Shale are shown in Table 0.8.17. 

Tres Hermanos-Cl and -C2 Sandstone Members 

The groundwater quality of the Tres Hermanos-Cl and C2 Sandstones 
are reported separately because wells screened in the two different 
units indicate different levels of contamination. Maximum observed 
concentrations of cadmium, chromium, molydenum, nitrate, selenium, 
silver, and uranium, and activities of radium-226 and -228 and gross 
alpha in groundwater in the Tres Hermanos-Cl Sandstone Member exceed 
the EPA MCLs (Table 0.8.13). Maximum observed concentrations of 
chromium, molybdenum, selenium, silver, uranium, and activities of gross 
alpha In groundwater in Tres Hermanos-C2 Sandstone Member exceed EPA 
MCLs (Table 0.8.14). The groundwater in the stratigraphically lower 
Tres Hermanos-C2 Sandstone Member has fewer constituents exceeding the 
EPA MCLs than the Tres Hermanos-Cl Sandstone Member. The smaller 
number of MCL exceedances in the Tres Hermanos-C2 Sandstone Member as 
compared to the overlying Tres Hermanos-Cl Sandstone Member can be 
attributed to the 10 to 15 foot thick bed of low permeable Mancos Shale 
that separates the two sandstone members. The sulfate anion is used as 
an indicator of the extent of tailings-related recharge in the Tres 
Hermanos-C2 Sandstone Member (Figure 0.8.24). Monitor wells exhibiting 
recharge related to the tailings seepage as Indicated by high sulfate 
concentrations are 676, 677, 779, 782, 784, 785 and 787. Concentration 
distributions for molybdenum and uranium are shown in Figures D.8.25 
and 0.8.26 for the February 1989 sampling round. 
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Appendix I organic constituents were not analyzed in groundwater 
samples collected from monitor wells screened in the Tres Hermanos-Cl 
and -C2 Sandstone, because they were not detected in the overlying 
alluvium/weathered Hancos Shale. The maximum observed concentrations 
for Appendix I Inorganic constituents in groundwater samples collected 
from the Tres Hermanos-Cl and -C2 Sandstone Members are shown in Tables 
D.8.16 and 0.8.19. 

Tres Hermanos-B 

Groundwater in the Tres Hermanos-B Sandstone does not appear to be 
affected by the seepage of leachate from the tailings pile at the 
Ambrosia Lake site and concentrations of all constitutents are at or 
below the proposed EPA MCLs except for nitrate (monitor well 678) and 
selenium (monitor wells 678 and 777) (Table D.8.15). The elevated 
concentrations of nitrate and selenium in groundwater samples from 
monitor wells 678 and 777 were detected during initial rounds of 
sampling and may be a result of contamination Introduced into the 
groundwater during well drilling and installation operations. The 
concentration of selenium in a groundwater sample collected from 
monitor well 777 was below the proposed EPA HCL in a sampling round 
subsequent to the initial round. Honitor well 678 was recently 
installed and has only been sampled once; therefore, additional 
groundwater quality data is required to determine the trend in the 
nitrate concentration. Groundwater samples collected from monitor 
wells screened in the Tres Hermanos-B Sandstone were not analysed for 
Appendix I organic constituents because they were not detected in the 
overlying tailings (except for methyl ethyl ketone at a concentration 
below the method detection limit) or alluvium/weathered Mancos Shale. 
The maximum observed concentrations of Appendix I inorganic consti
tuents are shown in Table 0.8.20. 

Westwater Canyon Member 

A potential point of exposure (POE) for the tailing seepage is the 
Westwater Canyon Hember, since groundwater from overlying units 
recharged by the tailings seepage (primarily the alluvium/weathered 
Hancos Shale and Tres Hermanos-C Sandstone) drains into the Westwater 
Canyon Member down mine shafts and vent holes. Mining activities not 
related to tailings seepage have Introduced many other sources of 
contamination into the Westwater Canyon Member; thus, it is difficult 
to quantify changes in the groundwater quality of the Westwater Canyon 
Hember that are attributable to the Ambrosia Lake site. The existing 
groundwater quality of the Westwater Canyon Hember in the Ambrosia Lake 
region has been characterized by samples of mine water discharge pumped 
from the United Nuclear and Quivira Hining Company mines (Figure 0.8.24 
and Table 0.8.8). Concentrations of cadmium, chromium, lead, molyb
denum, selenium, silver, and uranium and activities of radium-226 and 
-228 and grOss alpha exceed the EPA HCLs. 
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D.8.8 GEOCHEMICAL ENVIRONMENT 

Geochemical characterization was conducted at the Ambrosia Lake 
site to determine the extent of migration of non-radiological hazardous 
constituents in soils beneath the tailings impoundment and areas of the 
tailings that will be removed. Geochemical properties of the subsoils 
and the lithologic matrix of the alluvium/weathered Hancos Shale and 
the Tres Hermanos-C Sandstone were Investigated to determine their 
potential for control of contaminant concentrations in groundwater. 
Geochemical modeling was used to speciate analyses of tailings fluid 
and groundwater analyses from the alluvium/weathered Hancos Shale and 
the Tres Hermanos-C Sandstone to determine whether contaminants may 
occur as cations or anions that may be adsorbed by ion exchange. 
Saturation indices were calculated to determine if mineral solubility 
controls contaminant concentrations in tailings fluid and groundwater. 
Hodeling was also performed to volumetrically mix tailings fluid at 
different proportions with mill make-up pond water to determine the 
origin of groundwater in the alluvium/weathered Hancos Shale and Tres 
Hermanos-C Sandstone. Lastly, concentrations of hazardous constituents 
In the Tres Hermanos-C and Westwater Canyon Hember were compared to 
determine their potential influence on water quality in the Westwater 
Canyon Member from seepage migrating down mine shafts and vent holes 
Into the Westwater Canyon Member. 

Generally, non-radiological hazardous constituents are below 
detection limits in subsoils beneath the tailings. Although an 
alkaline pH front has advanced through subsoils beneath the tailings, 
the change in pH is relatively Insignificant and does not affect the 
solubility of hazardous constituents in tailings seepage. The redox 
potential (Eh) of the tailings fluid and groundwater in the alluvium/ 
weathered Hancos Shale Is relatively oxidizing. Groundwater becomes 
slightly less oxidizing as it enters the Tres Hermanos-C Sandstone and 
flows down dip. However, the change in Eh between the alluvium/ 
weathered Hancos Shale and the Tress Hermanos-C Sandstone does not 
significantly affect the solubility of most hazardous constituents. 
The most important hazardous constituents in the tailings pore fluid 
and groundwater in the alluvium/weathered Hancos Shale, Including 
nitrate, selenium, molybdenum and uranium, occur as anions. Adsorption 
by the cation exchange process is not an important process of removal 
of most of these hazardous constituents. Dilution of tailings seepage 
by mill make-up water that drained into the alluvium/weathered Hancos 
Shale reduces concentrations of these hazardous constituents in ground
water In the alluvium/weathered Hancos Shale. Geochemical simulation 
of this volumetric mixing of waters suggests that groundwater in the 
alluvium/weathered Hancos Shale is derived largely from these two 
sources. Because the concentration of nitrate, a conservative species, 
is the same In groundwater in the alluvium/weathered Hancos Shale and 
the Tres Hermanos-C Sandstone, much of the groundwater in the Tres 
Hermanos-C Sandstone is probably derived from seepage from the alluvium/ 
weathered Mancos Shale. A comparison of concentrations of hazardous 
constituents in the Tres Herroanos-C Sandstone with those in the 
Westwater Canyon Hember indicates that seepage down mine shafts and 
vent holes will not Influence water quality in the Westwater Canyon 
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Member. Concentrations of most hazardous constituents in the Tres 
Hermanos-C Sandstone are lower than those in the Westwater Canyon 
Hember and the relative rate of groundwater underflow in the Westwater 
Canyon Hember compared to the Tres Hermanos-C Sandstone assures that no 
water quality impacts will occur in the Westwater Canyon Hember. 

0.8.8.1 Non-radiologic hazardous constituents in soils 

Non-radiological hazardous constituents in soils are de
fined as elements listed in Appendix I of 40 CFR 192 that are 
not regulated under the radiation protection standards. Infor
mation regarding concentrations of residual non-radiologic con
stituents in soils is Important because it must be demonstrated 
that the remedial action under Subpart A can be decoupled from 
groundwater cleanup under Subpart B of 40 CFR 192. It must be 
demonstrated that residual levels of non-radiological hazard
ous constituents will not cause groundwater cleanup standards 
to be exceeded. Because Ambrosia Lake groundwater is classi
fied as limited use and supplemental standards apply, ground
water restoration Is not anticipated and cleanup is not 
applicable. However, a pathways analysis must be performed to 
demonstrate that there is a low risk of potential harm to human 
health or the environment. In order to conduct the pathways 
analysis, a field program was conducted and previous site 
characterization data were reviewed to provide Information on 
the distribution of non-radiological hazardous constituents in 
subsoils in the vicinity of the tailings. This Information 
was used as the basis of the pathways analysis discussed in 
Addendum A of Appendix E. 

As part of a field program, the DOE obtained split spoon 
samples of tailings and subsoils beneath the tailings in the 
northern portion of the pile. Locations of these borings are 
shown on Figure 0.8.27. These samples were analyzed for non-
radiologic hazardous constituents using dionized water extrac
tion method (OOE, 1986) and EPA methods of analysis. The data 
from the OOE field program suggest that concentrations of most 
non-radiological hazardous constituents are below detection 
limits in tailings subsoils. However, concentrations of 
molybdenum were observed above detection limits down to two 
feet below the tailings in one borehole (#683). 

0.8.8.2 Geochemical conditions 

Geochemical properties of the soils and lithologic matrix 
of the alluvium/weathered Hancos Shale and the Tres Hermanos-C 
Sandstone were investigated to determine their potential for 
control of contaminant concentrations in groundwater. In terms 
of controls on contaminant migration, the base-neutralization 
potential of the alluvium and the weathered Mancos Shale and 
the Tres Hermanos-C Sandstone have not been exhausted. This 
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is confirmed by the near-neutral pH values measured in ground
water samples obtained from the Tres Hermanos-C Sandstone 
(0.8.21), Percolation of alkaline tailings leachate to 
groundwater has not raised the pH of groundwater in monitor 
wells completed in the alluvium/weathered Hancos Shale, or the 
Tres Hermanos-C Sandstone subjacent to the tailings pile. 
Profiles of pH as a function of depth beneath the tailings, 
constructed from data obtained from Harkos and Bush (1983), 
are presented in Table D.8.21, Locations of the borings are 
shown on Figure 0,8,27. Generally the profiles indicate that 
there is an alkaline pH front in the soils beneath the tail
ings. However, because the soil pH only changes from 10.4 to 
8.5 within the soil horizon, the change in pH is sufficiently 
small that there is no concentration of non-radiolgoical 
hazardous constituents with the soils above detection limits 
as a function of depth. 

As part of the DOE field program, the Eh was measured in 
the tailings pore fluid and groundwater in both the alluvium/ 
weathered Hancos Shale and the Tres Hermanos-C Sandstone. The 
Eh of the tailings pore fluids and groundwater in the alluvium/ 
weathered Hancos Shale is oxidizing. Groundwater in the 
subcrop area of the Tres Hermanos-C Sandstone may be oxidizing 
but then changes to less oxidizing conditions down dip. 
Longmire (1984) reports that the Eh of groundwater in the 
Westwater Canyon Hember is also oxidized. A summary of Eh and 
pH conditions in the tailings and each water-bearing unit of 
interest is provided in Table 0.8.22. 

Visual Inspection of core samples obtained during the DOE 
field program suggests that mineral assemblages in the allu
vium/weathered Hancos Shale are typical of weakly oxidized 
conditions. Calcite, gypsum, and ferric oxyhydroxides are 
mineral assemblages found in the alluvium/weathered Hancos 
Shale. However, under the less oxidizing conditions in the 
Tres Hermanos-C Sandstone, the mineral assemblages of calcite 
and pyrite are present along with locally occurring solid 
organic matter. 

0.8.8.3 Geochemical modeling 

Geochemical modeling was used to determine the dissolved 
species of hazardous constituents in groundwater, using 
analyses from the tailings pore fluids, alluvium/weathered 
Mancos Shale and the Tres Hermanos-C Sandstone. This specia-
tlon helps to determine whether contaminants may occur as 
cations or anions that may be absorbed by ion exchange. How
ever, ion exchange was not modeled and is only discussed 
qualitatively. Saturation Indices (SI) were calculated to 
determine whether solubility controls contaminant concentra
tions in tailings fluid and groundwater. Hodeling was also 
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performed to mix tailings pore fluid at different proportions 
with mill make-up pond water to determine if the origin of 
groundwater in the alluvium/weathered Mancos Shale is due to 
these two fluids. 

Computer code 

The FORTRAN computer code PHREEQE (Parkhurst et al., 
1980) was used in the geochemical modeling. PHREEQE solves 
simultaneous equations that describe the equilibrium chemical 
reactions that may occur in a specified water. Lindberg 
(Department of Geology, University of Colorado) has expanded 
the thermochemical data base in this version of PHREEQE for 
dissolved species and solid compounds of uranium and molyb
denum; however, only nitrate, selenium, uranium, and molyb
denum were modeled. Jacobs Engineering Group personnel have 
run test cases using this version of PHREEQE to verify that 
the geochemical calculations are accurate and in agreement 
with the non-modified PHREEQE code (Parkhurst et al., 1980). 
All modeling results are on file at the UMTRA Project Office 
in Albuquerque, New Mexico. 

Speciation of tailings fluids and groundwater 

Geochemical modeling was used to speciate analyses of 
tailings pore fluid and groundwater analyses from the alluvium/ 
weathered Hancos Shale and the Tres Hermanos-C Sandstone to 
determine whether contaminants may occur as cations or anions 
that may be absorbed by ion exchange. Input to the PHREEQE 
model included laboratory chemical analyses, and field mea
surements of temperature, pH and Eh. Distribution of species 
of selected hazardous constituents are presented in Table 
0.8.23. Selenium, nitrate, molybdenum, and uranium all are 
present as anions under physiochemical conditions found within 
the tailings and groundwaters. Anion exchange or sorption 
sites usually occur in concentrations that are about lOX of 
those of cation exchange sites. Only molybdenum seems to be 
removed or atenuated within the groundwaters of the Tres Her
manos-C Sandstone. Nitrate concentrations are relatively the 
same in groundwater in the alluvium/weathered Hancos Shale and 
the Tres Hermanos-C Sandstone indicating that a large per
centage of groundwater in the Tres Hermanos-C Sandstone is 
derived from seepage from the alluvium/weathered Hancos Shale. 

Saturation indices 

Saturation indices for different minerals were calculated 
to determine whether minerals that contain hazardous consti
tuents will precipitate from solution, causing a resulting 
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decrease in concentration. The saturation index for a given 
mineral and solid phase is defined as: 

1 activity product (AP) 
^1 = logio solubility product (K^p) 

When the calculated satuation index for a mineral or 
solid compound is greater than zero, the solution is over-
saturated, and that mineral should precipitate from solution 
to reach equilibrium. If the saturation index is equal to 
zero, a solution is in equilibrium with a particular mineral. 
Conversely, when the saturation index is less than zero, a 
solution is undersaturated with a particular mineral and that 
mineral is predicted to dissolve. 

Saturation indices for minerals in the tailings, alluvium/ 
weathered Hancos Shale, the Tres Hermanos-C Sandstone and the 
Westwater Canyon Hember are presented in Table 0.8.24. All of 
the solutions are oversaturated with respect to calcite, hema
tite, and the ferric oxyhydroxides that include lepidocrocite, 
ferric hydroxide, and goethite. This Implies that iron will 
precipitate from solution under all conditions. The predic
tion of the precipitation of ferric oxyhydroxide in ground
water is verified by their existence in core samples. 

The precipitation of ferric oxyhydroxide is important 
because they control the concentration of selenium and molyb
denum via adsorption (Ral and Zachara, 1984; Leckie et al., 
1980). Selenium and molybdenum may also be adsorbed onto 
solid organic carbon. Adsorption on ferric oxyhydroxide may 
account for the partial removal of uranium and molybdenum from 
tailings pore fluid during mixing with mill make-up pond water 
in the alluvium/weathered Hancos Shale. 

Origin of groundwater 

The PHREEQE geochemical code was used to calculate the 
results of mixing different amounts of tailings solutions with 
mill make-up water to try to delineate the origin of ground
water in the alluvium/weathered Hancos Shale. If observed 
analyses of water quality and the alluvium/weathered Hancos 
Shale could be simulated by this mixing calculation, it is 
reasonable that most of the groundwater derived from these 
sources and that the condition of saturation within the 
alluvium/weathered Hancos Shale was created by uranium 
processing activities. 
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Three possible sources of recharge water available to the 
alluvium/weathered Hancos Shale include tailings seepage, seep
age through the unlined mill water make-up pond, and recharge 
from arroyos from Roman Hill. The water quality of tailings 
seepage was represented by lysimeter analytical data. Hill 
make-up water was primarily mine water discharge derived from 
the mean Westwater Canyon Hember concentrations. The water 
quality of recharge from arroyos from Roman Hill is undeter
mined. 

Hill make-up water and tailings pore fluid were mixed in 
different ratios (0.30, 0.40, 0.50, 0.60. and 0.65) and equi
librated with calcite. gypsum and ferric oxyhydroxide to simu
late aqueous concentrations in groundwater the alluvium/ 
weathered Hancos Shale. The mean concentrations of water 
quality parameters used in the mixing calculations, the pre
dicted concentrations and the observed mean concentrations in 
the analyses of alluvium/weathered Hancos Shale groundwater 
are presented in Table D.8.25. Based on comparison of the log 
molalities of chloride, sulfate, nitrate and uranium, a mixing 
ratio of approximately 1:3 best simulates the mixture of 
tailings fluids and mill make-up water that combined to create 
the condition of saturation in the alluvium/weathered Mancos 
Shale. 

From the modeling of mixing ratios, it appears that 
dilution of tailings seepage by mill make-up water is the 
major process for the decrease in concentrations of nitrate 
and uranium. Concentrations of selenium are higher in the 
alluvium/weathered Hancos Shale than in the tailings pore 
fluids suggesting that naturally occuring selenium may be 
released into solution. 

0.8.8.4 Potential influence of seepage on water quality in the 
Westwater Canyon member 

Concentrations of hazardous constituents in the Tres 
Hermanos-C Sandstone and the Westwater Canyon Hember were 
compared to determine the potential influence on water quality 
in the Westwater Canyon Hember from seepage migrating down 
mine shafts and vent holes into the Westwater Canyon Hember. 
Mean concentrations of hazardous constituents in the Tres 
Hermanos-C Sandstone and the Westwater Canyon Member are 
presented in Table 0.8.26. Generally, mean concentrations of 
hazardous constituents In the Tres Hermanos-C Sandstone are 
lower than in the Westwater Canyon Member. Exceptions to this 
generalization are chromium, nitrate, vanadium, and gross 
alpha activity. Concentrations of chromium in the Tres Her
manos-C Sandstone are only slightly higher than that found in 
the Westwater Canyon Member. Nitrate and gross alpha activity 
slightly exceed the MCLs in mean analyses of groundwater from 
the Tres Hermanos-C Sandstone. Although vanadium is one and 
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one half orders of magnitude higher in concentration in the 
Tres Hermanos-C Sandstone than in the Westwater Canyon Hember, 
the relative rates of groundwater flow in the formations is 
such that any seepage into the Westwater Canyon Hember would 
be substantially diluted. This suggests that seepage of Tres 
Hermanos-C Sandstone groundwater into the Westwater Canyon 
Hember will produce no Increase in the concentrations of 
hazardous constituents in the Westwater Canyon Hember. 

0.8.9 GROUNDWATER USE, VALUE, AND ALTERNATIVE SUPPLIES 

The primary water supply in the Ambrosia Lake area is groundwater. 
Surface water is not a viable water supply source as all streams in the 
area are Intermittent and are sediment-laden during the short periods 
of storm runoff. Groundwater in the Ambrosia Lake area is used by the 
uranium mining Industry, and for domestic and ranch supplies. Present 
groundwater use is approaching pre-1955 levels because of the recent 
decline of the uranium mining industry (Brod and Stone. 1981), A dis
cussion of groundwater use as it relates to supplemental standards is 
contained in Addendum A of Appendix E, 

Uranium industry 

Uranium mine dewatering beginning in the mid-1950s withdrew large 
amounts of groundwater to facilitate ore removal from the Westwater 
Canyon Member. Early pumping totalled 24 million gallons per day for 
the Ambrosia Lake. San Mateo, and Bluewater-Milan areas (Cooper and 
John, 1968). The New Hexico Environmental Improvement Division (NHEID, 
1980) indicated pumpage from mines just in the Ambrosia Lake area 
ranged from eight to 13 million gallons per day. After 20 years of 
pumping, potentiometric levels were lowered hundreds of feet in the 
eastern Ambrosia Lake area (Brod and Stone, 1981). Host of the pumped 
water was discharged to surface drainages where it evaporated or 
Infiltrated to recharge the shallow sediments. 

The pumped mine water was considered a resource and was used by 
the mills for ore processing and by a few ranchers in the area for 
domestic and stock purposes. It was not until the late 1970s that the 
quality of mine discharge water came under scrutiny by the state, and 
settling ponds and water treatment were required. It was also at this 
time that the quanity of the water pumped was monitored. 

Presently, the uranium industry is retiring the mines in Ambrosia 
Lake. Ore 1s being actively mined at only one mine. However, many of 
the mines are still being dewatered and some water presently pumped 
from active and inactive mines is being reinjected during a low-scale 
solution recovery of uranium from the mined-out areas. If uranium 
production becomes economically viable in the future, water usage would 
probably be similar In nature and extent as In the past during the 
1950s through the 1970s. 

9 
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Domestic 

The nearest municipality operating a public water supply is San 
Hateo, 10 miles southeast of the Ambrosia Lake site (Figure 0.8.28). 
In the community of Ambrosia Lake, a few private wells draw water from 
the Westwater Canyqn Hember and the alluvium along San Hateo Creek to 
obtain water for domestic use. In the early 1970s, deeper wells in the 
Westwater Canyon Hember went dry due to mine pumpage, and Kerr-McGee 
(Quivira) constructed a pipeline to supply domestic needs in the area. 

There are no domestic wells completed in any of the Tres Hermanos 
Sandstones or within the alluvium in the Ambrosia Lake valley. The 
valley Includes the area between San Hateo Hesa and Hesa Montonosa 
north of New Mexico Highway 53, and within three miles of the tailings 
site (Figure 0.8.28). The Tres Hermanos Sandstones and alluvium do not 
yield an adequate groundwater supply of acceptable quality for domestic 
use. 

Host of the domestic wells in the Ambrosia Lake valley have been 
abandongd (Brod and Stone. 1981). A total ot nine active wells are 
Known to oe witnin tive miles ot tne Ambrosia Lake site and five are 
used for domestic purposes (Table 0.8.21). Two domestic wells supply 
homes at the junction of New Hexico Highways S3 and 509 (Figure 0.8.28), 
4.5 miles southwest of the site. One well completed in the Westwater 
Canyon Hember is reported (Harquez, 1985) to be 300 feet deep and 
supplies poor quality (very hard) water to three residences. The depth 
of the second well is unknown. 

The third domestic well is on the Phil Harris ranch, which is one 
mile northwest of the junction of New Hexico Highway 509 and New Hexico 
inghway 53 (Figure D.8.28). This well was completed in the Westwater 
canyon Hember or in deeper formations and supplies the ranch house. 
The Berryhill r^nch. three miles northwest of the Ambrosia~Cake site. 
has an tfOO-root-deep weiT compTetieg"~i7r~t>ie~We5twater Canyon Hember. 
TfTIs well went dry in fhe early T9T0s. and Qu1"vira has s u p p H W t h e 
ranch water via a pipeTine from fheir SecTTion 17 mine": A Second 
Berryhill Ranch well was listed in Brod and Stone (1981). but the rancTi 
"foreman revealed that the water for "the trailer, "house, and 15 horses 
is suppried~enTirely by the Quivira pipeTine (Saughman, l985a). 

The fifth well, reportedly belonging to a Hr. Jerry Elkins, is 
used for both domestic and stock purposes (NHEID, 1987). This well is 
believed to be completed in the Westwater Canyon Hember of the Horrison 
Formation and is located approximately 3.5 miles northwest of the 
Ambrosia Lake tailings pile. 

Stock 

There are five ranch headquarters in the Ambrosia Lake area. The 
Berryhill and Harris lands are used for grazing and three wells were 
reportedly used for stock supply (see Table 0,8.28). None of these 
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stock wells were completed in the shallow aquifers including the 
alluvium or the Tres Hermanos Sandstones (Baughman, 1985b). All stock 
supply wells in the valley were completed in the Westwater Canyon 
Hember or San Andres Limestone at depths of 500 to 3000 feet. There is 
no present or historical irrigation within the Ambrosia Lake valley and 
demand is anticipated to remain low because the area is poorly suited 
for farming due to low precipitation, poor soils, and limited 
good-quality groundwater. 

Prior 
area and limii 
mining and 
and drastically «.v.,..,« v..v ,<««..w, «..- ^^.-..v.v, „. .̂̂  .,-v̂ . .~ 
sources. Future groundwater development in the valley is expected to 
be even more limited than premining times due to the unknown residual 

. . . There is an extremely small potential 

9 

effects of the mining industry, mere is an extremely smaii potential 
for future use of shallow groundwater because of the large areal extent 
of naturally poor-quality water, limited yield capability, artificially 
saturated zones drying up, regional contamination of the groundwater 
due to mine dewatering, and discharge of mill effluents. These factors 
qualify the groundwater to be designated as Class III (limited use). 

The value of existing groundwater use within a five-mile radius of 
the site can be estimated by multiplying existing use by current water 
rates. The total use of groundwater from the nine wells (five domestic 
wells and four livestock wells), assuming each well pumps at an average 
rate of one gallon a minute, is 389,000 gallons per month (4.7 million 
gallons per year). The commercial water supply rate being charged in 
1989 by the municipal water supply of Hilan, New Hexico, is $14.60 per 
month for the service connection, plus $.96 per 1000 gallons (Henley, 
1989). Thus the value of existing groundwater use, based on Hilan 
municipal water supply rates, is $6233 per year. 

0.8.10 CLIMATE 

Meteorological data for the Ambrosia Lake area are presented in 
Section 0.9 of this document. The following is a summary of data 
pertinent to the hydrologic cycle. 

The regional climate is classified as semiarid and continental. 
The climate is characterized by low precipitation, abundant sunshine, 
low relative humidity, and moderate temperatures with large diurnal 
and annual ranges (QHC, 1981). 

Host of the precipitation in the project area occurs during the 
late summer thunderstorm season, although there is considerable 
monthly and annual variation in total rainfall. Long-term precipita
tion measurements made at the Floyd Lee Ranch near San Hateo (13 miles 
southeast of the tailings site) and three other regional stations are 
presented in Table 0.9.4. Long-term annual average precipitation for 
San Hateo is 8.83 inches with a maximum annual precipitation of 13.55 
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Inches in 1956. August was the wettest month with an average of 2.13 
Inches. Host of the winter precipitation in this area falls as snow 
(QHC. 1981). 

The mean annual lake evaporation in the area is 54 inches. 
Seventy-two percent of the annual evaporation occurs from Hay through 
October (NOAA, 1979). 
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FIGURE D.8.16 
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FIGURE D.8.24 

SULFATE ISOPLETH MAP FOR GROUNDWATER IN THE 
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AMBROSIA LAKE SITE, NEW MEXICO 
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FIGURE D.8.25 
MOLYBDENUM ISOPLETH MAP FOR GROUNDWATER 

IN THE TRES HERMAN0S-C2 SANDSTONE 
AMBROSIA LAKE SITE, NEW MEXICO 
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FIGURE D.8.27 
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AMBROSIA LAKE SITE, NEW MEXICO 
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Table 0.8.1 Ambrosia Lake site monitor well information 

o 
I 

ro 
in 

Well 
location 
number^ 

773 
774 
775 
776 
777 
778 
779 
780 
781 
782 
783 
784 
785 
786 
787 
788 
789 
790 
791 
792 
793 
794 
796 
797 
798 
799 
674 
675 
676 
677 

Well 
Installer^ 

OOE 
OOE 
DOE 
OOE 
DOE 
DOE 
DOE 
OOE 
DOE 
OOE 
OOE 
OOE 
OOE 
DOE 
DOE 
OOE 
DOE 
OOE 
DOE 
DOE 
DOE 
DOE 
DOE 
OOE 
DOE 
OOE 
OOE 
OOE 
OOE 
OOE 

Well 
diameter 

(In) 

4,0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 

Total 
depth 

(ft) 

137.0 
255.0 
95.0 
50.0 
158.0 
37.0 
62.0 
43.0 
40.0 
70.0 
50.0 
55.0 
45.0 
35.0 
80.0 
30.0 
226.0 
30.0 
115.0 
20.0 
28.0 
22.0 
23.0 
21.5 
20.0 
12.0 
49.0 
35.0 

120.0 
172.0 

Ground 
surface 

elevation 
(ft HSL) 

7006.2 
7006.6 
6996.5 
6997.0 
6961.3 
6961.2 
6961.7 
6966.0 
6965.1 
6989.7 
6990.7 
6974.8 
6959.2 
6961.5 
6969.2 
6967.5 
7001.8 
7002.9 
6998.8 
6999.0 
6996.6 
6961.9 
6955.1 
6969.7 
6978.2 
6980.7 
6669.5 
6962.1 
6989.7 
6999.2 

Top of 
casing 

(ft HSL) 

7007.7 
7007.4 
6998.7 
6999.1 
6963.2 
6962.7 
6964.0 
6968.5 
6968.4 
6991.8 
6993.2 
6977.3 
6961.3 
6963.4 
6971.3 
6969.8 
7003.9 
7004.6 
7000.8 
7001.1 
6998.6 
6964.2 
6957.3 
6972.0 
6980.4 
6892.8 
6972.9 
6966.0 
6991.8 
7001.6 

Begin depth 
(ft from 

top of casing) 

132.0 
250.0 
90.0 
45.0 
153.0 
30.0 
57.0 
38.0 
35.0 
65.0 
45.0 
50.0 
40.0 
30.0 
75.0 
25.0 
216.0 
25.0 

110.0 
15.0 
23.0 
17.0 
18.0 
16.5 
15.0 
7,0 

36.5 
32.5 
97.5 
150.0 

Screened 

Length 

(ft) 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

10.0 
10.0 
20.0 
20.0 

Interval 

Formation^ 

TrCl 
TrB 
TrC2 
QAL 
TrB 
TrCI 
TrC2 

QAL/TrC2 
QAL 
TrC2 
QAL 
TrC2 
TrC2 
TrCI 
TrC2 
QAL 
TrB 
QAL 
TrCI 

QAL/weathered Kmc 
QAL/weathered Kmc 
QAL/weathered Kmc 

QAL 
QAL/weathered Kmc 

QAL 
QAL/weathered Kmc 

QAL 
QAL/weathered Kmc 

TrC2 
TrC2 



Table 0.8.1 Ambrosia Lake site monitor well information (Concluded) 

I 

ro 
00 

Well 
location 
numbera 

678 
679 
680 
681 
706'' 
620a 

Well 
installerb 

DOE 
DOE 
DOE 
OOE 
SNL 
QHC 

Well 
diameter 

(in) 

4.0 
4.0 
4.0 
4.0 
4.0 
4.0 

Total 
depth 
(ft) 

262.0 
362.0 
350.0 
235.0 
45.0 
36.0 

Ground 
surface 

elevation 
(ft HSL) 

6962.1 
6982.1 
6963.7 
7000.7 
6989.5 
6951.9 

Top of 
casing 
(ft HSL) 

6963.2 
6983.6 
6965.7 
7002.5 
6990.45 
6953.90 

Begin depth 
(ft from 

top of casing) 

240.0 
340.0 
310.0 
200.0 
35.0 
37.0 

Screened 

Length 
(ft) 

20.0 
20.0 
20.0 
30.0 
10.0 
5.0 

interval 

Formationc 

TrB 
TrA 
Dakota 
TrB 
QAL 
QAL 

«We11 locations plotted on Figure 0.6.1. 
bwell installer: DOE » wells installed for the U.S. Department of Energy by the Technical Assistance 
Contractor; SNL = Sandia National Laboratories; QMC = Quivira Mining Co. 

^Formation: TrCI «= Tres Hermanos-Cl; TrC2 = Tres Hermanos-C2; TrB = Tres Hermanos-B; TrA = Tres Herroanos-A; 
Kmc - Hancos Shale; QAL « Alluvium, 

dwell locations plotted on Figure 0.8.21. 



Table 0.8.2 Summary of lysimeters and well points 

Well location 
number^ 

Lysimeter 
757 
759 

Well point 
737 
743 
746 
747 
748 
749 
750 
751 
752 

Formation sampled'' 

QAL/Kmc pore water 
Tailings pore water 

. 

Tailings water 
Tailings water 
Tailings water 
QAL/Kmc water 
QAL/Kmc water 
QAL/Kmc water 
Tailings water 
Tailings water 
Tailings water 

Hydraulic position 

Source 
Source 

Source 
Source 
Source 
Source 
Source 
Source 
Source 
Source 
Source 

area 
area 

area 
area 
area 
area 
area 
area 
area 
area 
area 

9 

^Well locations plotted in Figure D.8.14. 

''QAL = alluvium; Kmc = Hancos Shale. 

1; 

9 
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Table 0.8.3 Water-level elevations 1n feet above sea level at the Ambrosia lake site 

Well Casing 
Unit no. elevation 

October 
1985 depth 
to water 

Alluvium and Weathered Nancos Shale 
620 6953.9 
674 6972.9 
675 6966.0 
792 7001,1 
793 6998.6 

Tres Hermanos-Cl Sandstone 
773 7007.7 
778 6962.7 
786 6963.4 
791 7000.8 

Tres Hermanos-C2 Sandstone 
676 6991.8 
677 7001.6 
779 6964.0 
782 6991.8 
784 6977.3 
785 6961.3 
787 6971.3 

Ires Hermanos-B Sandstone 
777 6963.2 
678 6963.2 
681 7002.5 

31.8 

15.8 
21.4 

132.1 
26.9 
21.5 
107.6 

35.1 
60.6 
45.3 
41.8 
51.8 

Dry 

October 1985 
water-level 
elevation 

6922.1 

6985.3 
6977.2 

6875.6 
6935.8 
6941.9 
6893.2 

6928.9 
6931.2 
6932.0 
6919.5 
6916.5 

Hay 1986 
depth to 
water 

17.2 
23.4 

136.1 
28.0 
22.8 
104.2 

39.2 
60.9 
48.1 
43.7 
61.6 

Date of 

Nay 1986 
water-level 
elevation 

6983.9 
6975.2 

6871.6 
6934.7 
6940.6 
6896.6 

6924.8 
6930.9 
6929.2 
6917.6 
6909.7 

measurement 

April 1988 
depth to 
water 

16.9 
22.5 

Dry 
26.8 
21.7 
103.5 

32.0 
59.5 
47.5 
41.1 
48.0 

147.5 

April 1988 
water-level 
elevation 

6984.2 
6976.1 

6935.9 
6941.7 
6897.3 

6932.0 
6932.3 
6929.8 
6920.2 
6923.3 

6815.7 

July 1988 
depth to 
water 

29.5 

16.9 
22.7 

26.8 
21.8 
101.5 

30.9 
47.3 
59.5 
41.0 
51.6 

July 1988 
water-1 eve"! 
elevation 

6924.4 

6984.2 
6975.9 

6935.9 
6941.6 
6899.3 

6933.1 
6944.5 
6917.8 
6929.3 
6919.7 

February 
1989 depth 
to water 

29.8 
45.8 
22.2 
17.1 
22.9 

137.4 
26.7 
21.8 
98.3 

95.3 
87.9 
31.7 
59.7 
47.8 
41.5 
49.0 

147.4 
223.3 
212.7 

February 
1989 

water-level 
elevation 

6924.1 
6927.1 
6943.8 
6984.0 
6975.7 

6870.3 
6936.0 
6941.6 
6902.5 

6896.5 
6913.7 
6932.3 
6932.1 
6929.5 
6919.8 
6922.3 

6815.8 
6739.9 
6789.8 

Tres Hermanos-A Sandstone 
679 6983.6 346.6 6637.0 

Dakota Sandstone 
680 6965.7 317.1 6648.6 



9 

r -^ 

Well 
location 
number" 

Confined 
779 
787 
791 

Table 0.8. 

Skibitzke 
(cm/s) 

1.13x10-5 
2.08x10-5 
1.46x10-5 

Semi-confined 
780 

Unconfined 
778 
782 
785 
786 
620 
674 
792 
793 

3.06x10-5 

N/A 
N/A 
N/A 
N/A 
M/A 
N/A 
N/A 
N/A 

4 Slug test results from 

Hydraulic conducti 

Ferrls-
ICnowlesC 
(cm/s) 

Not valid 
Not valid 
Not valid 

3.86x10-5 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

Cooper-
Papadopolous 
Bredehoeft^ 

(cm/s) 

Not valid 
Not valid 
Not valid 

1.88x10-'* 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

the Ambrosia 

vity methods 

- Bouwer-
Rice 
(cm/s) 

N/A 
N/A 
N/A 

7.31x10-5 

1.21x10-3 
1.64x10-* 
2.48x10-4 
8.40x10-5 
1.11x10-3 
1.90x10-5 
3.48x10-4 
4.67x10-5 

Lake site mor 

and results^ 

K 
ft/day 

0.032 
0.059 
0.041 

0.23h 

3.4 
0.46 
0.70 
0.24 
3.1 
0.54 
0.99 
0.13 

titer wells 

Geologic unit 

TrCZd 
TrC2 
TrCie 

QALf/TrC2 

TrCI 
TrC2 
TrC2 
TrCI 
QAL 
QAL 

OAL/weathered Kmc9 
QAL/weathered Kmc9 

'N/A - method not applicable. 
''Well locations plotted on Figure 0.8.1. 
CNot valid - data did not fit the assumptions of the method. 
''TrC2 « Tres Hennanos-C2 Sandstone. 
*TrCl = Tres Hermanos-Cl Sandstone. 
fQAL ' alluvium. 
9Kmc " Mancos Shale. 
haveraged value. 

9 
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Table D.8.5 Hydraulic conductivities reported for the alluvium and 
Tres Hermanos-B Sandstone in Ambrosia Lake Valley 

Unit 
Hydraulic 
conductivity 

Hethod and 
reference 

Alluvium 

Alluvium 

Alluvium 

Tres Hermanos-B Sandstone 

Tres Hermanos-B Sandstone/ 
Hancos Shale 

Hancos Shale (weathered) 

Hancos Shale 

2 X 10"'* to 
5 X 10-* cm/s 

2 X 10-5 cm/s 

1.0 X 10-3 to 5.0 X 
10"3 cm/s 

1 X 10-* to 
1 X 10"3 cm/s 

2 X 10-5 cm/s 

1.4 X 10-7 to 
1.4 X 10"^ cm/s 

4.33 X 10-8 cm/s 

Two pumping tests by 
Quivira Hining Co., 
1980 (Ganus. 1980) 

Pumping test in 
monitor well H-9 
(FBD, 1983) 

Falling head 
permeability tests 
(Thomson and Heggen, 
1981) 

In situ single 
packer permeability 
tests by Woodward-
Clyde Consultants 
for Quivira (W-C, 
1983) 

In situ permeability 
tests by Woodward-
Clyde Consultants 
for Quivira (W-C, 
1983) 

Heasured by Gulf Corp 
in their San Hateo 
mine in T14N R8W 
(Brod and Stone, 
1981) 

Grinding then 
estimated from a 
consolidation test 
(Thomson and Heggen, 
1981) 
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Table 0.8.6 Average linear groundwater velocities for Ambrosia Lake site 

• 

Stratigraphic 
unit 

Alluvium/weathered 
Nancos Shale 

Tres Hermanos-
Sandstone 
Hember 

1 

-Cl 

Parameter 

Inputs: 
Hydraulic conductivity (K)(cm/s) 
Hydraulic gradient (i) 
Effective porosity (n-) 

Ki 
Average linear velocity (v = jj^ )(cm/s) 

Inputs: 
Hydraulic conductivity (K)(cm/s) 
Hydraulic gradient (i) 
Effective porosity (no) 

Ki 
Average linear velocity (v • « )(cm/s) 

Minimum 

4.67x10-5 
0.017 
0.16 

4.96x10 6 

1.46x10-5 
0.019 
0.06 

4.62x10-6 

Velocitv 
Haximum 

1.11x10-3 
0.033 
0.10 

3.65x10-* 

1.21x10-3 
0.033 
0.04 

9.98x10-* 

Average 

3.48x10-* 
0.025 
0.13 

6.69x10-5 

4.24x10"* 
0.026 
0.05a 

2.21x10-* 

Tres Hermanos-C2 
Sandstone 
Hember 

Inputs: 
Hydraulic conductivity (K)(cm/s) 
Hydraulic gradient (1) 
Effective porosity (ne) 

Ki 
Average linear velocity (v = jj" )(cm/s) 

1.13x10-5 
0.014 
0.06 

2.48x10-* 
0.033 
0.04 

1.09x10-* 
0.024 
0.05a 

2.64x10-6 2.05x10-* 5.23x10-5 

Westwater Canyon 
Hember 

Inputs: 
Hydraulic conductivity (K)(cm/s)a 
Hydraulic gradient (i) 
Effective porosity (ng) 

Ki 

3.81x10-* 
0.019b 
0.12 

4.70x10-* 
0.033^ 
0.08 

4.31x10-* 
0.026b 
O.lOa 

Average linear velocity (v « pT )(cm/s) 6.03x10-5 1,94x10-* 1,14x10"* 

"Ref. Brod, 1979. 
*>Assumed to be similar to the Tres Hermanos-Cl and -C2 Sandstone Members as the dip of the 
geologic units is identical and the hydraulic conductivities are similar. 

0-263 



Table D.8.7 Calculated drawdown in alluvium/weathered Hancos Shale 
at the Ambrosia Lake site for different transmissivity 
values^ 

Transmissivity Pumping duration 
(gpd/ft2) 1 day 10 days 100 days 

13 11.82 ft 13.94 ft 16.05 ft 

15 10.36 ft 12.19 ft 14.02 ft 

18 8.75 ft 10.28 ft 11.81 ft 

^Distance from pumping well = 0.1 ft. Storage coefficient based on actual 
pump test data - 0.001. Calculated drawdown based on the Theis equation 
(Freeze and Cherry, 1979). 
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9 • . 9 
Table D.8.8 United Nuclear Corporation and Quivira Mine Company mine water discharge quality 

9 

I 

Constituent 

Aluminum 
Ammonia 
Arsenic 
Barium 
Bicarbonate 
Cadmium 
Calcium 
Chloride 
Chromium 
Cobalt 
Copper 
Conductivity 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Nitrate (as N) 
pH 
Potassium 
Selenium 
Silver 
Sodium 
Sulfate 
Total suspended 
solids 

Total dissolved 
solids 

Vanadium 
Zinc 

Gross alpha 
Radium-226 
Radium-22a 
Lead-210 
Uranium 

Unit 
of 

measurement 

mg/l 
mg/l 
mg/l 
mg/l 
rog/1 
mg/1 
mg/l 
mg/l 
mg/1 
mg/l 
mg/l 

micromhos 
mg/l 
mg/1 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
rog/1 

standard 
mg/l 
mg/l 
mg/l 
mg/1 
mg/l 

mg/1 

rog/1 
mg/l 
mg/1 

pel/I 
pCi/1 
pCi/1 
pCi/1 
mg/l 

10/27/77 

»̂ 
0.015 

<0.005 
0.27 
--
<0.001 
— 
108 
— 
— 
— 

2657 
— 
— 
— 
— 
— 
3.20 
— 
0.11 
8.08 
— 
0.268 
— 
428 
1060 

1.1 

1852 
— 
— 

_-
29+1 
0+2 

17+5 
0.32 

United Nuclear Corporati 

11/17/78 

^^ 

0 
<0.005 
0.074 

228 
<0.001 
150 
97.5 
— 
— 
— . 

2241 
— 
<0.005 
— 
— 
— 
1,914 
— 
<0.01 
— 
8.19 
0.171 
— 
421 
1115 

1.0 

1903 
<0.010 
<0.100 

0 
65+1 
— 
— 
2.23 

on 
Sample Dates 

11/07/79 

<0.25O 
0.05 
0.009 

<0.100 
174.0 
— 
194 
188 
— 
— 
— 

3288 
• — 

<0.005 
45.3 
— 
— 
3.05 
— 
— 
8.12 
9.75 
0.122 
— 
511 

1280 

. 2.0 

2441 
<0.010 
<0.25O 

0 
19+6 
— 
— 
1.31 

Ann Lee Mine 

06/21/82 

<0.100 
— 
0.006 

<0.100 
317 
<0.01 
265 
2)0 
<0,100 
— 
<0.025 

3250 
0.23 

<0.010 
43 
— 
<0.002 
1.8 
— 
<1.00 
6.77 

n 
0.13 
0.008 

510 
1460 

— 

2660 
0.010 
— 

23 
0 
0 
5.1 

Quivira Section 
30 W. Mine 

05/13/83 

0.37 
— 
0.27 

<0.02 
730 
0.024 

720 
470 
0.078 
0.059 
0.066 
— 
0.21 
0.48 

410 
7.2 

— 
0.076 
0.140 

<1.00 
6.90 
10 
0.30 
0.099 

410 
2910 

— 

5220 
— 
0.22 

2.5 
2.5 
— 
— 

Ref. NHEIO, 1983, 1980. 

Mote: — means not analyzed. 



Table 0.8.9 Composition of mill effluent at the Ambrosia Lake 
tailings pond 

Unit of 
Constituent^ measurement Concentration 

Sodium sulfate mg/l 10,000 
Sodium carbonate ' mg/l 5,000 
Uranium mg/l 5 
Vanadium mg/l 114 
Holybdenum mg/l 178 
Silicon dioxide mg/l 228 
Percent solids 45 
Percent liquid 55 

^Small amounts of chloride, selenium, fluoride, and phosphate also present. 

Ref. Hunter, 1958. 
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il Table D.8.10 Chemical composition of alkaline leach mill effluents 

Hill 

• 

Constituents 

Total suspended 
solids 

Total dissolved 
solids 

Conductivity 
-pH 
Arsenic 
Barium 
Selenium 
Holybdenum 
Ammonia 
Sodium 
Chloride 
Sulfate 
Calcium 
Potassium 
Bicarbonate 
Cadmium 
Nitrate (as N) 
Hagnesium 
Vanadium 
Zinc 
Aluminum 
Lead 
Gross alpha 
Radium 
Lead 
Uranium 

Unit of 
measurement^ 

mg/l 

mg/1 
(micromhos) 
standard 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/1 
mg/1 
mg/l 
mg/l 
mg/l 
pC1/1 
pCI/1 
pC1/1 
mg/l 

United Nuclear-
Homestake Partners 
(Hilan, New Hexico) 

52.0 

20,710 
23,990 

10.2 
7.19 
0.051 

31.16 
105 
13.9 

8,464 
1,014 
8,346 

10.0 
31.2 
— 
0.028 
22.42 
— 
13.6 
<0.10 
— 
<0.005 

10,000 + 1,000 
90 + 1 
49 + 8 
52.8 

An alkaline leach 
mill in New Hexico 

(median from 3 samples) 

20,700 

10.2 
5.0 

31.0 
104 

8.460 
1,010 
8.350 

6,700 
58 + 4 

44 

9 

"pC1/l - picocuries per liter + one standard deviation. 

Ref. NHEID, 1980; Gallagher and Gord, 1981; presumably the United Nuclear Home-
stake Partners mill, although not stated. 
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Table 0.8.11 Haximum observed concentrations pf EPA MCL constituents in lysimeter and well points at the Ambrosia Lake, New Mexico, 
site — tailings and unsaturated alluvium beneath tailings* 

e 
I 
ro 
CO 

Constituent 

Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Molybdenum 
Nitrate 
Selenium 
silver 
Uranium 

Gross alpha 
Radium-226 and 
-228 

MCL (mg/l) 

0.05 
1.0 
0.01 
0.05 
0.05 
0.05 
0.1 
44.0 
0.01 
0.05 
0.044 

5 pCI/1 
15 pCi/1 

743 

0.005 
NA 
0.0005 
0.10 
NA 
NA 

161.Ob 
6.0 
0.0025 
NA 
2.17l> 

NA 
NA 

746 

0.005 
0.30 
0.0005 
0.03 
0.0005 
0.0001 

113.Ob 
3.0 
0.0025 
0.005 
1.32*' 

NA 
140.ob 

747 

0.005 
0.1 
0.0005 
0.04 
0.0005 
0.0001 
48.7b 
3.0 
0.0025 
0,005 
1,24'' 

NA 
190.Ob 

748 

0.005 
NA 
0.0005 
0.05 
NA 
NA 

29.0'' 
2.0 
0.0025 
NA 
5.84b 

NA 
113.Ob 

Lysimeters 

749 

0.005 
NA 
0.0005 
0.05 
NA 
NA 

66. ob 
1.0 
0.0025 
NA 
5.76b 

NA 
117.ob 

and well points 

750 

0.30 
0.10 
0.0070 
0.09b 
0.74 
0.0001 

120.ob 
1.0 
0.320 
0.01 
8.4b 

NA 
90.lb 

751 

0.10 
0.10 
0.0060 
o.nb 
0.02 
0.0001 

118.ob 
3600.ob 

0.294 
0.02 
14.6b 

NA 
220.ob 

752 

0.11 
0.10 
0.0060 
0.04 
0.03 
0.0001 

148.0b 
3.0b 
0.371 
0.005 
8.65b 

0 ^ 
22.1b 

757 

0.01 
0.1 
O.OOS 
0.02 
0.005 
NA 

158.ob 
150.0b 
0.016b 
0.005 
14.7b 

NA 
NA 

759 

0.17 
0.10 
O.OOS 
0.11b 
0.02 
NA 

247.0b 
NA 
0.403b 
0.02 
12.6b 

NA 
NA 

>NA - Not analyzed. 
btxceeds MCL in proposed EPA standard. 



^ ' . ' ' ' . J .1 I ^ . 

1 

Ot 

Table 

Constituent 

Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Molybdenum 
Nitrate 
Selenium 
Silver 
Uranium 

Gross alpha 
Radium-226 and 
-228 

D.8.12 Haximum observed 

Ambrosi 

MCL (mg/1) 

0.005 
1.0 
0.01 
0.05 
0.05 
0.05 
0.1 
44.0 
0.01 
0.05 
0.044 

5 pCi/1 
15 pCi/l 

concentrations 
a Lake, New Mexico, site 

706 

0.2720'' 
NA 
NA 

0.02 
NA 
NA 

220.0'' 
25.0 
0.012'' 
0.02 
I.ll'' 

131.8'' 

620 

0.01 
0.10 
0.0005 
0.16'' 
0.005 
0.0001 
0.5'' 
13.6 
0.07'' 
0.04 
7.88'' 

0 
10.03'' 

of EPA MCL constituents in monitor 
— alluvium/weathered 

674 

0.0005 
0.005 
0.0005 
0.005 
0.001 
0.0001 
g.BifJ 

40.0 ^ 
1.39'' 
0.005 
3.80'' 

0 
0.744 

Monitor wel 

675 

0.0005 
0.02 
0.0003 
0.005 
0.001 
0.0001 
2.72*' 

145.0'' 
0.51'' 
0.005 
2.08'' 

0 
2.52 

Mancos Shale' 

lis 

780 

0.005 
0.05 
0.0005 
0.02 
0.005 
0.0001 
3.6'' 

140.0'' 
0.54'' 
0.005 
3.47'' 

0 
3.10 

wells at 
i 

792 

0.016 
0.05 
0.005 
0.28'' 
0.01 
0.0007 
1.87'' 
1.8 
1.8'' 
O.ll'' 
3.Sib 

285.54 
6.90 

the 

793 

0.16 
0.05 
0.005 
0.28'> 
0.01 
0.0003 
2.0lb 

252.0'' 
l.lb 
O.ll'' 
0.39'' 

48.44 
1.56 

^NA = Not analyzed. 
''Exceeds MCL in proposed EPA standard. 



Table D.8.13 Maximum observed concentrations of EPA MCL constituents in 
monitor wells at the Ambrosia Lake, New Mexico, site — Tres 
Hermanos-Cl Sandstone Member^ 

Constituent 

Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Molybdenum 
Nitrate 
Selenium 
Silver 
Uranium 

Gross alpha 
Radium-226 and 
-228 

MCL (mg/1) 

0.05 
1.0 
0.01 
0.05 
0.05 
0.05 
0.1 
44.0 
0.01 
0.05 
0.044 

5 pCi/1 
15 pCi/l 

773 

0.005 
NA 
0.0005 
0.05 
NA 
NA 
0.320'' 
2.0 
0.0025 
NA 
0.0001 

NA 
22.0'' 

Honitor wells 

778 

0.022 
0.05 
0.014b 
0,22'' 
0.01 
0.0005 
0.160'' 

430.0'' 
0.28pb 
0.06'' 
11.8'' 

3422.85 
8.Bib 

786 , 

0.01 
0.22 
0.001 
0.14b 
0.005 
0.0003 
0.212'' 
53.0'' 
0.764'' 
0.02 
1.73b 

218.78b 
21.3b 

791 

0.02 
0.10 
0.0005 
0.21b 
0.005 
0.0001 
0.210b 
8.0 ^ 
0.16b 
0.005 
0.0007 

NA 
1.5 

fNA = Not analyzed. 
bExceeds HCL in proposed EPA standard. 
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9 '9 
Table 0.8.14 Maximum observed concentrations of IPA MCL constituents in monitor wells at the 

Ambrosia Lake, New Mexico, site — Tres Hermanos-C2 Sandstone Hember^ 

o 
I 

Constituent 

Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Hercury 
Holybdenum 
Nitrate 
Selenium 
Silver 
Uranium 

Gross alpha 
Radium-226 and 
-228 

HCL (mg/1) 

0.05 
1,0 
0.01 
0.05 
0.05 
0.05 
0.1 
44.0 
0.01 
0.05 
0.044 

5 pCl/1 
15 pC1/1 

676 

0.0005 
0.02 
0.0001 
0.005 
0.0005 
0.0001 
0,595b 
4.75 
0.09lb 
0.005 
0.207b 

0.00 
2.48 

677 

0,0005 
0.02 
0.0009 
0.005 
0.0005 
0.0001 
0.024b 
5.10 
0.006 
0.005 
0.016 

0.00 
1.87 

779 

0.005 
0.30 
0.0005 
0,04 
0,005 
0,0001 
0.14b 
2.00 
0.0025 
0.005 
0.024 

64.26 
5,60 

Honitor we 

782 

0.005 
0.30 
0,0005 
0,04 
0,005 
0.0001 
0.16b 
4.00 
0.0025 
0.005 
0.0031 

NA 
2.80 

lis 

784 

0.005 
NA 
0.0005 
O.nb 
NA 
NA 
0.19b 
5.00 
0.007 
NA 
0.0001 

NA 
0.80 

785 

0.026 
0.10 
0.0090 
0.24b 
0.01 
0.0006 
0.35b 
20.00 
0.324b 
0.080b 
3.30 

646.03b 
11.56 

787 

0.019 
0.05 
0.0070 
0,23b 
0.01 
0.0004 
0.25b 
38.90 
0.54b 
0.090b 
0.018 

20.66b 
3.06 

3NA = Not analyzed. 
bExceeds HCL in proposed EPA standard. 



Table D.8.15 Haximum observed concentrations of EPA HCL constituents in 
monitor wells at the Ambrosia Lake, New Hexico, site — Tres 
Hermanos-B Sandstone Hember 

Honitor wells 

Constituent 

Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Hercury 
Holybdenum 
Nitrate 
Selenium 

Silver 
Uranium 

Gross alpha 
Radium-226 and 
-228 

HCL (mg/l) 

0.05 
1.0 
0.01 
0.05 
0.05 
0.05 
0.1 
44.0 
0,01 

0.05 
0.044 

5 pCi/1 
15 pCi/1 

678 

0.001 
0.02 
0.0006 
0.005 
0.0005 
0.0001 
0.016 

250.0^ 
O.Olia 

0.005 
0.029 

0 
1,71 

681 

0,003 
0.02 
0.0001 
0.005 
0.0005 
0.0001 
0.003 
1.32 
0.001 

0.005 
0.01 

0 
0.65 

777 

0.012 
0.03 
0.006 
0.04 
0,01 
0.0001 
0.100 
2.11 
0.0473 

01 
009 

0 
1.20 

^Exceeds HCL in proposed EPA standard. 
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9 

Table 0.8.16 Haximum observed concentrations of Appendix I inorganic constituents in monitor wells at the Ambrosia Lake, 
New Hexico, site — tailings and unsaturated alluvium beneath the tailings^ 

Constituentb 

Antimony 
Beryllium 
Carbon disulphide 
Cobalt 
Copper 
Cyanide 
fluorine 
Nickel 
Sulphide 

__ Thallium 
^ T i n 
^ Vanadium 
*- Zinc 

Detection 
Limits 

0.003 
0.010 
0.005 
0.050 
0.020 
0.010 
0.100 
0.040 
0.100 
0.100 
0.005 
0.010 
0.005 

743 

NA 
NA 
NA 

0.10 
NA 
NA 

19.0 
NA 
NA 
NA 
NA 
0.56 
NA 

746 

0.0015 
NA 
NA 

0.08 
0.04 
0.005 
19.0 
0.14 
0.05 
NA 
0.0025 
0.09 
0.04 

747 

0.0015 
NA 
MA 

0.09 
0.05 
0.05 
2.8 
0.14 
0.05 
NA 
0.0025 
0.005 
1.73 

748 

NA 
NA 
NA 
0.12 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
0.54 
NA 

Monitor wells 

749 

NA 
NA 
NA 

O.ll 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
0.55 
NA 

750 

0.098 
NA 
MA 
0.07 
0.08 
0.005 
21.0 
0.13 
0.05 
NA 
0.398 
0.005 
0.53 

751 

0.07 
NA 

<0.005 
0.07 
0.08 
0.005 
14.0 
0.144 
0.05 
NA 
0.338 
0.005 
0.326 

752 

0.088 
NA 
NA 

0.07 
0.04 
0.005 
16.0 
0.13 
0.05 
NA 
0.323 
0.005 
0.780 

757 

0.0015 
NA 
NA 
0.10 
0.03 
0.005 
NA 
NA 
0.05 
NA 
0.0025 
0.45 
0.01 

759 

0.083 
NA 
NA 

0.05 
0.09 
0.005 
NA 
0.02 
0.05 
NA 
0.40 
0.005 
0.025 

aNA •= not analyzed. 
liall constituents measured in mg/l, 



Table D.8.17 Haximum observed concentrations of Appendix I Inorganic constituents in monitor wells 
at the Ambrosia Lake, New Hexico, site ~ alluvium/weathered Hancos Shale^ 

o 
I 

-.4 
4k 

Constituentb 

Antimony 
Beryllium 
Carbon disi 
Cobalt 
Copper 
Cyanide 
Fluorine 
Nickel 
Sulphide 
Thallium 
Tin 
Vanadium 
Zinc 

ilphide 

Detection 
Limits 

0.003 
0.010 
0.005 
0.050 
0.020 
0.010 
0.100 
0.040 
0.100 
0.100 
0.005 
0.010 
0.005 

706 

NA 
NA 
NA 
0.10 
0.007 
NA 

14.5 
NA 
NA 
NA 
NA 
0.390 
NA 

620 

0.013 
0.0025 

<0.005 
0.06 
0.03 
0,005 
0.80 
0.06 
0.05 
0.0005 
0.01 
0.070 
0.017 

Honitor 

674 

0.003 
0.0025 
NA 
0.005 
0.005 
0.004 
0.60 
0.01 
0.005 
0.0005 
0.0005 
0.005 
0.580 

wells 

675 

0.003 
0.0025 
NA 
0.005 
0.005 
0.263 
0,30 
0,01 
0.01 
0.005 
0.0005 
0.005 
0.960 

780 

0.0015 
NA 
NA 
0.24 
0.03 
0.0005 
2.20 
0.10 
0.05 
NA 
0,0025 
0.50 
0,980 

792 793 

0.013 
0.0025 
NA 
0.12 
0.06 
0.001 
1.10 
0.13 
0,05 
0,005 
0.029 
0.26 
0,070 

0,014 
0,0025 
<0,005 
0,13 
0.06 
0,001 
2,80 
0.14 
0.05 
0.002 
0.026 
0.39 
0.068 

^NA = not analyzed. 
ball constituents measured in mg/1. 



Table D.8,18 Haximum observed concentrations of Appendix I inorganic 
constituents in monitor wells at the Ambrosia Lake, New 
Hexico, site—Tres Hermanos-Cl Sandstone^ 

Constituentb 

Antimony 
Beryllium 
Carbon disi 
Cobalt 
Copper 
Cyanide 
Fluorine 
Nickel 
Sulphide 
Thallium 
Tin 
Vanadium 
Zinc 

Iphide 

Detection 
Limits 

0.003 
0.010 
0.005 
0.050 
0.020 
0.010 
0.100 
0.040 
0.100 
0.100 
0.005 
0.010 
0.005 

773 

NA 
NA 
NA 

0.07 
NA 
NA 
1.10 
NA 
NA 
NA 
NA 
0.21 
NA 

Honitor 

778 

0.022 
0.0025 
NA 

0.08 
0.050 
0,103 
0.60 
0.08 
0.05 
NA 
0,030 
0.23 
0.039 

wells 

786 

0.0018 
0.0025 
NA 
0.09 
0.036 
0.493 
2.20 
0.08 
0.05 
0.002 
0.013 
0.42 
0.166 

791 

0.0015 
NA 
NA 

0.06 
0.010 
0.005 
1.10 
0.07 
0.05 
0.0005 
0.0025 
0.030 
0.0025 

^NA = not analyzed. 
ball constituents measured in mg/l 

• 
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PO 

Table 0.8.19 Haximum observed concentrations of Appendix I Inorganic constituents in monitor wells 
at the Ambrosia Lake, New Hexico, site — Tres Hermanos-C2 Sandstone^ 

Constituentb 

Antimony 
Beryllium 
Carbon disulphide 
Cobalt 
Copper 
Cyanide 
Fluorine 
Nickel 
Sulphide 
Thallium 
Tin 
Vanadium 
Zinc 

Detection 
limits 

0.003 
0.010 
0.005 
0.050 
0.020 
0.010 
0.100 
0.040 
0.100 
0.100 
0.005 
0.010 
0.005 

676 

0.009 
0.0025 
NA 
0.005 
0.01 
0.001 
1.10 
0.01 
0.01 
0.005 
0.0005 
0.005 
0.005 

677 

0.004 
0.0025 
NA 
0.005 
0.005 
0.001 
1.0 
0.01 
0.005 
0.005 
0.006 
0.005 
0.02 

Moni 

779 

0,0015 
NA 
NA 
0.10 
0.03 
0.005 
0.5 
0.14 
0.05 
NA 
0.0025 
0.34 
0.74 

tor wells 

782 

0.0015 
NA 
NA 
0.025 
0.02 
0.005 
0.90 
0.06 
0.05 
NA 
0.0025 
0.005 
0.0025 

784 

NA 
NA 
NA 
0.025 
NA 
NA 
0.80 
NA 
NA 
NA 
NA 
0.38 
NA 

785 

0.043 
0.0025 
NA 
0.10 
0.05 
0.350 
1.4 
0.15 
0.05 
0.003 
0.03 
0.40 
0.315 

787 

0.025 
0.0025 
NA 
0.005 
0.040 
0.005 
0.5 
0.13 
0.05 
0.0005 
0.031 
0.29 
0.061 

^NA = not analyzed. 
ball constituents measured in mg/1 



Table D.8.20 Haximum observed concentrations of Appendix I inorganic 
constituents in monitor wells at the Ambrosia Lake, New 
Hexico, site — Tres Hermanos-B Sandstone^ 

• 

Constituentb 

Antimony 
Beryllium 
Carbon disulphide 
Cobalt 
Copper 
Cyanide 
Fluorine 
Nickel 
Sulphide 
Thallium 
Tin 
Vanadium 
Zinc 

Detection 
limits 

0.003 
0.010 
0.005 
0.050 
0.020 
0.010 
0.100 
0.040 
0.100 
0.100 
0.005 
0,010 
0,005 

Honitor 

678 

0.005 
0.0025 
NA 
0.01 
0.01 
0.001 
0.01 
0.04 
0.005 
0.0005 
0.0005 
0.005 
0.02 

wells 

681 

0.019 
0.0025 
NA 
0.005 
0.01 
0.001 
0.90 
0.01 
0.005 
0.0005 
0.0005 
0.005 
0.005 

777 

0.009 
0,0025 
NA 
0.01 
0.02 
0.004 
0.95 
0.02 
0.050 
0.0005 
0.370 
0.06 
0.005 

^NA = not analyzed. 
bAll constituents measured In mg/l 
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Table 0.8.21 Profiles of pH as a function of depth beneath tailings^ 

Sampl 
Top 
(cm) 

1 
10 
40 
90 
190 
240 
290 
340 
440 
590 

Borehole 

e Depth 
Base 
(cm) 

10 
20 
50 
100 
200 
250b 
300 
350 
450 
600 

#8 

pH 

9.60 
9.50 
9.70 
9.20 
10.10 
10.30 
10.30 
10.30 
10.40 
8.50 

Borehole 

Samol 
Top 
(cm) 

1 
10 
40 
140 
290 
350 
360 
370 
385 
440 
740 

e Depth 
Base 
(cm) 

10 
20 
50 
150 
300 
360 
370b 
385 
400 
450 
750 

#11 

pH 

8.70 
9.50 
10.00 
9.90 
9.40 
10.10 
9.60 
9.90 
10.00 
8.60 
8.50 

Borehole 

Sampl 
Top 
(cm) 

1 
10 
100 
150 
230 
380 
480 
570 
580 
590 
600 
625 
675 

e Depth 
Base 
(cm) 

10 
20 
150 
200 
250 
400 
500 
580 
590b 
600 
625 
650 
700 

#14 

pH 

10.10 
10.20 
10.20 
10.20 
10.30 
10.40 
10.10 
10.20 
9.80 
10.40 
10.30 
10.40 
10.40 

^Sample locations are shown on Figure 0.8. 
bTailings/subsoil Interface. 
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Table 0.8.22 Summary of Eh and pH conditions at Ambrosia Lake tailings 
site. New Hexico 

Formation Eh pH 

Tailings pore fluid +0.120 8.16 

Alluvium/weathered Hancos Shale +0.117 7.31 

Tres Hermanos-C Sandstone +0.071 7.14 

Westwater Canyon Hember^ +0.200 7.47 

-3 Longmire, 1984 

• 

• 
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Table D.8.23 Distributions of species of selected hazardous constituents at 
Ambrosia Lake site. New Hexico 

Alluvium/weathered Tres Hermanos-C 
Tailings pore fluid Hancos Shale Sandstone 

Species form (concentration? form (concentration) form (concentration) 

Nitrate NO" (329) N0~ (56.76) NO3 (55,18) 

Selenium SeO" (0.10) HSeO" (0,43) HSeO" (0,118) 

Holybdenum HoO^ (115) HooJ" (33.87) HooJ" (0.147) 

Uranium U02(C03)3~(7.18) U02(C03)J~(3.67) U02(C03)J~(1,87) 

^Concentration units in mg/l. 
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Table 0.8.24 Saturation indices for Ambrosia Lake site. New Mexico 

Tailings Alluvium/weathered Tres Hermanos-C Westwater 
Solid Phase pore fluid Hancos Shale Sandstone Canyon 

Hember 

Uraninite 

Amorphous 
Uranium 01 

Calcite 

Gypsum 

Hematite 

Pyrite 

Siderite 

oxide 

-7,45 

-13.26 

1.40 

-0.48 

18.57 

-80.41 

1.20 

-3.10 

-8.98 

0.85 

0.25 

12.85 

-65.63 

-0.32 

-0.58 -5.02 

-6.46 

0.49 

0.11 

11.33 

51.26 

-0.11 

-10.82 

0.58 

-0.3 

16.85 

-90.24 

-0.76 

Ferric Oxyhydroxides 

Lepidocrocite 

Ferric hydroxide 
(FeOH3) 

Goethite 

Ferrihydrite 

6.27 

4.96 

6.81 

2.75 

3.54 

2.24 

3.96 

0.02 

2.78 

1.48 

3.19 

-0.74 

5.37 

4.06 

5.94 

1.85 
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Table D.8.25 Comparison of observed and simulated aqueous species at the Ambrosia Lake 
site, New Hexico 

Species 

Carbon 

Chloride 

Iron 

Sulfate 

Nitrate 

Uranium 

Holybdenum 

Tailings 
pore fluid 

-1.12 

-2.47 

-4.91 

-1.13 

-2.27 

-4.52 

-2.91 

Hill 
make-up 
water 

-2.22 

-2.22 

-5.40 

-1.79 

-5.79 

-5.03 

-4.72 

(Hill 
0.30 

-2.18 

-2.38 

-5.01 

-1.24 

-2.42 

-4.62 

-3.06 

1 
make-up 

0.40 
(Log 

-1.32 

-2.35 

-5.04 

-1.29 

-2.49 

-4.66 

-3.13 

lixlng ratio 
water: tailings 

0.50 0.60 
molalities) 

-1.39 

-2.33 

-5.10 

-1.34 

-2.57 

-4.70 

-3.21 

1.48 

-2.30 

-5.14 

-1.40 

-2.67 

-4.75 

-3.30 

1 water) 
0.65 

-1.52 

-2.29 

-5.16 

-1.44 

-2.72 

-4.77 

-3.36 

Alluvium/weathered 
Hancos Shale 

-1,68 

-2,22 

-5,11 

-1,40 

-3,05 

-4.80 

-3,45 

p 



# 

Table D.8.26 Comparison of Tres Hermanos-C Sandstone^ and Westwater 
Canyon Hemberb groundwaters 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Cyanide 
Fluorine 
Lead 
Hercury 
Holybdenum 
Nickel 
Nitrate 
Selenium 
Silver 
Sulphide 
Thallium 
Tin 
Uranium 
Vanadium 
Zinc 
Gross Alpha 
Radium 226 & 228 

Unit of 
Heasurement 

mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
pCi/1 
pCi/1 

Tres Hermanos-C 
Sandstone 

0.011 
0.007 
0.070 
0,003 
0,002 
0.074 
0.042 
0.022 
0.070 
0,748 
0.005 
0.0002 
0.147 
0.063 
55.178 
0,118 
0.018 
0.065 
0.002 
0.011 
1.875 
0.106 
0.045 

503 
5.028 

Westwater Canyon 
Hember 

, , 

0.095 
0.172 

0.024 
0.078 
0.059 
0.066 

0.48 
<0.002 
2.008 
0.140 
0.11 
0.198 
0.053 

2.24 
0.010 
0.22 
0 
28 

^Hean concentration of values from DOE groundwater quality data base on file 
at UMTRA Project Office, Albuquerque, New Hexico. 
bHean concentration of values from Table D.8,8, 
Note; " — " means not analyzed. 
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Table 0.8.27 Records of wells within five miles of the Ambrosia Lake site 

Owner or 
well name3 

A, Berryhill 
A. Berryhill 
Harvin Harquez 
Harvin Harquez 
Phil Harris 
Phil Harris 
Phil Harris 
Jerry Elkins 

Principal 
aquiferb 

JH 
JH 
JM? 
— 
— 

S 
s 
JM? 

Location 
no. 

14.9.18.243 
14.9.32.314 
13.9.15.34 
13.9.15.34 
13.9.16.422 
14.9.17 
13.9.13 
14.10.14.214 

Total 
depth (ft) 

800 
550 
300 
— 
— 

>3000 
>3000 

• " — 

Year 
constructed 

1957 
— 
— 
— 
— 
— 
— 
™ 

UseC 

D 
-

D 
D 
D 
S 
S 

D and S 

^Ooes not Include observation wells or known abandoned wells. 
bjH = Westwater Canyon Hember, Horrison Formation; S = San Andres Limestone. 
Co is domestic; S is stock. 
Ref. NHEID, 1987; Harquez, 1985; Baughman, 1985b; BrOd and Stone, 1981. 
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9 0.9 HETEOROLOGICAL DATA 

D.9.1 PURPOSE 

Heteorological data are provided to: 

o Estimate the length of the construction season. 

0 Plan construction dust control. 

0 Plan construction runoff control. 

0 Design long-term erosion control. 

0 Determine long-term moisture content of cover materials. 

0 Determine any extraordinary protection required for personnel 
or equipment. 

D.9.2 WEATHER PATTERNS 

The climate of the Ambrosia Lake area is characterized by low 
precipitation, abundant sunshine, low relative humidity, and moderate 
temperatures with large diurnal and annual ranges. The regional 
climate is classified as semi-arid and continental (QHC, 1981). 

0.9.3 WIND 

The topography in the area suggests a wind regime dominated by 
two major Influences: nighttime drainage of cold air from the high 
mesas, and channeling of synoptic winds through the northwest-southeast 
oriented vslley (QHC, 1981). 

The wind data from a meteorological station operated by the New 
Hexico Environmental Improvement Division (NMEID) 0.25 mile north of 
the tailings pile are presented in Table 0.9.1 and Figure 0,9,1, The 
predominant wind directions observed were westerly and 
north-northwesterly. 

Wind data from the combined National Weather Service Stations 
at Acomlta and Grants, New Mexico, are considered representative of 
regional wind conditions. Wind data from this station are presented in 
Table D.9.2. At the Acomita-Grants weather station, 17 miles southeast 
of the tailings site, the annual average wind speed is 9.3 miles per 
hour (all directions); the most frequent wind directions are from the 
west (19.6 percent) and northwest (13.1 percent). Calm conditions 
occur 6.6 percent of the time (FBDU, 1983). 
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0.9.4 TEMPERATURE 

The Ambrosia Lake area exhibits a large diurnal range in tempera
ture, which Is conducive to nighttime inversion formations. Ten and 
one-half months of measurements at the NMEID monitoring site show a 
mean daily minimum of 40.9'*F, and a mean daily maximum of 65.2°F. The 
mean daily average of 53.5*F agrees reasonably well with the long-term 
(1962-1974) average of 49.2"F measured at the Floyd Lee Ranch near San 
Mateo, New Mexico, 13 miles southeast of the tailings site (QHC, 1981). 

Gulf Hineral Resources Company has established several meteoro
logical monitoring stations in the Ht. Taylor area. Temperature data 
from station No. 1 at 7280 feet near San Hateo, New Hexico, are given 
in Table D.9.3 for a one-year period between February, 1976, and 
January, 1977 (QHC, 1981). Temperatures at this station are expected to 
be somewhat lower than those at the tailings site due to the difference 
1n elevation between the two locations. 

0.9.5 PRECIPITATION 

Host of the precipitation in the project area occurs during the 
late summer thunderstorm season, although there is considerable monthly 
and annual variation In total rainfall. Table D.9.4 presents long-term 
precipitation measurements made at San Hateo (Floyd Lee Ranch) and 
three other regional stations. The long-term annual average for San 
Hateo was 8.83 Inches with a maximum of 13.55 Inches In 1956. August 
was the wettest month with an average of 2.13 inches, and a maximum of 
4.38 Inches in 1948. Host of the winter precipitation in this area 
falls as snow (QHC, 1981). 

0.9.6 FROST 

Freezing and thawing of the surface occurs frequently from December 
through Harch. The average annual frost-free period is 120 days (NOAA, 
1979). The average maximum frost penetration in soils in the Ambrosia 
Lake area based on a 40-year period of record (1944-1984) is 24 inches 
(Losito, 1985). 

D.9.7 EVAPORATION 

The mean annual lake evaporation in the area is 54 inches. 
Seventy-two percent of the annual evaporation occurs from Hay through 
October (NOAA, 1979). 
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Table 0.9.1 Wind speed and direction and joint frequency distribution 

N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 

TOTAL 

1-3 

187 
302 
214 
145 
185 
107 
131 
119 
136 
87 
94 
81 
133 
84 
170 
254 

2429 

4-7 

180 
152 
43 
17 
23 
53 
73 
56 
140 
135 
74 
90 
153 
102 
120 
202 

1613 

Wind speed 

8-12 

40 
20 
12 
7 
6 
23 
22 
21 
85 
121 
82 
99 
169 
88 
86 
112 

993 

class (mph) 

13-18 

7 
2 
1 
6 
2 
9 
3 
8 
31 
35 
42 
87 
127 
50 
57 
26 

493 

19-24 

0 
0 
1 
0 
0 
0 
1 
2 
2 
5 
9 
12 
28 
14 
11 
5 

90 

>24 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 

3 

Total 

414 
476 
271 
175 
216 
192 
230 
206 
394 
383 
301 
369 
610 
339 
445 
600 

NOTE: Number of calms were 20. 
Total number of occurrences were 5641 

Ref. QHC. 1981. 

0-286 



o 

Table D .9.2 Wind data 
National 

Honthly average wind 

Honth 

January 
February 
Harch 
April 
Hay 
June 
July 
August 
September 
October 
November 
December 

Annual 
— 

Direct' 

N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 

Average 
wi nd 
speed 
(mi/hr) 

10.8 
9.8 
12.0 
11.5 
10.4 
10.4 
9.0 
7.9 
8.9 
9.4 
11.0 
10.1 

9.3 

for the Acomita--Grants, New Hexico 
Weather Service Station 

speed and direc tional 

» 

frequency distribution^ 

Honthly distribution 

Frequency 
of calms 
(percent) 

3.9 
2.4 
4.4 
5.9 
6.5 
8.3 
11.5 
13.2 
8.1 
6.6 
3.5 
4.1 

6.6 

Host frequent > 

Direction 

W 
W 
W 
W 
W 
W 
W 
W 
NW 
W 
NW 
W 

W 

Directional distributionb 

Frequency 
ion (percen 

2.3 
0.6 
1.3 
1.3 
5.2 
5.2 
5.6 
2.4 
2.0 

t) 1 
Frequency 

Direction (percent) 

SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
Calm 

Total 

2.0 
7.9 
9.1 
19.6 
11.3 
13.1 
4.7 
6.6 

100.2 

direction 

Frequency 
(percent) 

23.7 
21.8 
28.1 
28.0 
19.9 
19.4 
13.5 
12.9 
13.6 
15.0 
20.8 
21.7 

19.6 

o 
^Period of record is for the two stations combined, as follows: Acomlta, 
January, 1950, to April, 1953; Grants, Hay, 1953, to December, 1954. 

bThe data format of this source does not permit calculation of directional 
wind velocities. 

Ref. FBDU, 1983. 
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Table 0.9.3 Honthly and annual means and extremes of temperatures ("F) 
Ht. Taylor uranium mill project monitoring site number 1, 
elevation 7280 feet MSL 

Month 

1976 

February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

1977 

January 

Annual 

Mean 

37.1 
34.6 
48.0 
55.2 
64.5 
67.3 
66.2 
59.8 
48.3 
38.8 
31.9 

28.5 

48.4 

Mean 
daily 
maximum 

46.2 
45.6 
57.3 
64.7 
75.1 
78.3 
76.5 
70.4 
57.6 
49.8 
43.8 

38.3 

58.7 

Hean 
daily 
minimum 

28.7 
22.5 
36.9 
45.1 
52.8 
57.1 
56.7 
49.8 
38.9 
28.3 
22.4 

20.3 

40.3 

Haximum 

58.0 
63.0 
65.5 
76.0 
84.0 
86.0 
83.0 
82.0 
72.0 
62.0 
58.0 

48.0 

86.0 

Hinimum 

14.0 
10.5 
19.0 
30.0 
42.0 
52.0 
44,5 
39.5 
29.5 
5.0 

10.0 

3.0 

5.0 

Period of record: February 11, 1976, to January 31, 1977. 

Ref. QHC, 1981. 
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9 Table D.9.4 Honthly and annual average precipitation (inches) for 
San Mateo, Grants, Marquez, and San Fidel, New Mexico 

Month San Hateo^ Grantsb Harquez^ San Fidel^ 

January 
February 
Harch 
April 
Hay 
June 
July 
August 
September 
October 
November 
December 

0.42 
0.38 
0.40 
0.43 
0.37 
0.47 
1.72 
2.13 
1.14 
0.75 
0.33 
0.44 

0.36 
0.39 
0.45 
0.36 
0.43 
0.69 
1.81 
2.18 
1.17 
1.07 
0.33 
0.62 

0.45 
0.49 
0.57 
0.67 
0.70 
0.73 
1.79 
2.71 
1.20 
1.31 
0.51 
0.55 

0.37 
0.46 
0.44 
0.65 
0.79 
0.79 
1.65 
2.02 
1.43 
0.61 
0.41 
0.47 

Annual 8.83^ 10.04 11.68 10.9 

^Elevation 7250 feet HSL; period of record 1939-1974. 
bElevation 6480 feet MSL; period of record 1946-1960. 
^Elevation 7620 feet MSL; period of record 1941-1970. 
''Elevation 6160 feet MSL; period of record 1920-1954. 
®Twenty-four years data available for annual mean. 

Ref. QMC, 1981 
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0.10 SURFACE WATER HyOROLOGY 

D.10.1 PURPOSE 

Surface water hydrology data are required to: 
0 Characterize existing surface water conditions. 
0 Evaluate flood protection requirements. 
0 Evaluate the effect of surface runoff on surrounding areas. 
0 Assess watercourse cleanup or channelization requirements. 
0 Design facilities to protect water quality during construction. 

D.10.2 GENERAL 

The major watercourse in the Ambrosia Lake area is the Arroyo del 
Puerto (Figure D.10.1). a southeast-meandering tributary of San Mateo 
Creek. One mile southwest of the designated site and paralleling New 
Mexico Highway 509, the arroyo Is at an elevation of 60 to 80 feet 
below the tailings pile. Though the arroyo is the principal drainage 
from the Ambrosia Lake valley, flow in the low gradient stream is 
minimal. Flow in the Arroyo del Puerto is augmented by seepage from 
the Quivira Hining Company (QHC) ponds southwest of the designated 
site, and discharge from the QMC and Homestake ion-exchange plants. 

Arroyo del Puerto is Incised primarily into Quaternary alluvium 
which, in the valley bottom, exceeds 100 feet in thickness. The 
Crevass Canyon Formation and Mancos Shale are the parent sources of 
the alluvium (Purtymun et al., 1977). In several areas, especially 
near the confluence of the arroyo with San Hateo Creek, the Dakota 
Sandstone underlies the channel. Purtymun et al. (1977) suggest that 
losses of water into underlying sandstones is greater than into the 
Hancos Shale and associated detritus. The present semi-arid geomor
phic environment precludes the possibility of lateral shifting of the 
Arroyo del Puerto in a manner that could endanger the tailings pile. 
Potential changes in the area drainage network are discussed in detail 
In Section 0.4.5.1 of this Appendix. 

Hany smaller first- and second-order ephemeral streams are 
tributary to the Arroyo del Puerto. The majority flow from San Mateo 
Hesa toward the south-southwest. Stream density southwest of the 
Arroyo del Puerto is much less due to the more resistant nature of the 
sandstone which caps Hesa Hontanosa. Two of the smaller tributaries 
which affect the tailings pile are indicated in Figure D.10.1. 
Spreading of contaminants from the pile as a result of erosional 
processes and transport into the channels will continue as long as the 
tailings pile remains unstablllzed. 

D.IO.3 DRAINAGE ANO HISTORICAL FLOWS 

The Arroyo del Puerto was gauged by the USGS for three years from 
October, 1979, to September, 1982. Honitoring of the gauge was 
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discontinued due to little or no flow in the channel. The maximum 
recorded discharge during the gauge period was about 6.8 cfs (Borland, 
1985). Flow in the arroyo is generally lost to evapotranspiration and 
channel infiltration five miles south of the designated site (FBDU, 
1983). Loss of flow due to evapotranspiration is greater during 
summer months (FBDU, 1983). No regular flow occurs In the arroyo 
upstream of the discharge point from the Homestake Hining Company 
ion-exchange plant. 

The watershed above the tailings pile and mill site covers an 
area of 3.14 square miles. Purtymun et al. (1977) reports that two 
"^ephemeraI Channels carry runoff toward the pile from an area northeast 
of the site bn~"Roman Hill. The northern channel discharges runoff 
near the base of the northern edge of the tailings pile and is 12,470 
feet long with a gradient of 0.09. The gradient decreases rapidly to 
0.03 as the channel emerges into the valley 3600 feet north of the 
tailings pile. Adjacent to the pile, the channel branches out and 
disappears into a catchment area containing some 100 exploration pits 
and broad depressions (Figure 0.10.1). The eastern channel discharges 
runoff Into two ponds east of the mill and is 7550 feet long with a 
gradient of 0.03 (Purtymun et al., 1977). 

A minor drainage network has developed along the western side of 
the pile where outcropping silty sandstone was removed to construct 
the lower part of the tailings impoundment. In 1977, no erosion in the 
bedrock near the lower part of the dike by this channel was apparent. 
There is significant channel incision in the soil close to the north
west corner of the pile (Purtymun et al., 1977). Precipitation runoff 
and suspended contaminants from at least the western slope of the 
tailings pile are transported away from the designated site in this 
channel. Haywood et al. (1980) found that the transport of tailings 
by water erosion had occurred in all directions from the pile. 

The top of the tailings pile is composed primarily of silty 
tailings. The material is eroded by runoff which transports the 
tailings Into the central tailings pond as well as down the outer 
edges of the dike (Purtymun et al., 1977). Evaluation of 1:24,000 
scale orthophotoquad photographs of the pile confirms that the western 
(~591 feet north of the southwest pile corner) and southern (~295 
feet east of the southwest corner) impoundments have been breached by 
erosion. This was also reported by Purtymun et al. (1977). No 
specific causes or events were cited by the researcher. 

As shown on Figure D.10.1, there are six ponds in the drainage 
area of the mill site and tailings pile. Two ponds northeast and 
immediately adjacent to the mill, and a third in the embayment of the 
north edge of the tailings pile, were used as runoff containment ponds 
to buffer storm flow. A large double pond adjacent to the northeast 
pile corner served as the mine-water discharge and evaporation pond 
for the Ann Lee mine. Sewage effluent was contained in the depression 
close to the east edge of the pile. The northeast pond most distant 
from the designated site served and continues to be intermittently 
used as a livestock watering tank. 
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Following a 0.9-inch rainfall on August 19, 1976, the pond in the 
north pile embayment filled to within inches of the ,top of the impound
ment. Breaching the dike on August 21, water flowed into the basin 
within the pile. The breach in the dike was 16 feet long and two feet 
deep and was downcut to an elevation of 7000 feet. The overflow 
eroded a deep channel Into the surface of the pile as water filled the 
basin, creating a pond of about 646,000 square feet. The volume of 
tailings removed from the channel is estimated to be 20,000 cubic feet. 
The transported tailings formed a delta extending southward into the 
pond. The volume of Inflow was calculated as 335 cubic feet from high 
water marks on the north side of the dike (Purtymun et al,, 1977), 

D.10.4 FLOOD ANALYSIS 

An analysis of a PHF resulting from a six-hour general storm in 
the vicinity of the Arroyo del Puerto was conducted by Quivira Hining 
Company at the request of the New Hexico State Engineer's Office to 
evaluate the effects of a flood on the Quivira Hining Company (Kerr-
McGee) tailings pile. The U.S. Army Corps of Engineers HEC programs 
were used to model flood flows. Flood levels in the Arroyo del Puerto 
during a PHF would be over 40 feet below and one mile away from the 
Ambrosia Lake site; therefore, such a flood would not be a hazard to 
the stabilized tailings pile. 

Flood analysis for the Ambrosia Lake site was performed to deter
mine the effects of and design criteria for two distinct precipitation 
events. Probable Haximum Precipitation (PHP) on the stabilized embank
ment was analyzed to determine on-pile erosion protection requirements. 
A PHP event in the watershed above the embankment would generate a 
Probable Haximum Flood (PHF). This calculation was used to determine 
erosion protection and drainage required to withstand the flood flows. 

The PHP event 

The PHP is theoretically the greatest intensity of precipitation 
for a given duration that Is physically possible over a given size 
storm area at a particular geographic location. Hydrometeorological 
Report #55 (DOC, 1977a) was used to generate this value. The one-
hour, local storm PHP of 10.67 Inches was obtained from Isopluvial 
charts contained in HMR #55. This Includes allowances for the site 
elevation, the maximum 12-hour dewpoint, and areal reduction factors. 

This PHP Intensity was used as input in the erosion protection 
analyses of the conceptual design. Additional PHP calculations to 
support the final design in Appendix B, Engineering Design, have been 
prepared by the RAC. 

The PHF event 

The drainage basin above the Ambrosia Lake site is divided into 
two distinct drainages which Impact separate portions of the site. 
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The drainage area which collects runoff that could Impact the north 
side of the embankment covers 1555 acres. The north drainage is 
subdivided into four units based on slope changes and internal 
drainage networks. The upper two subunits are steep and rocky, begin 
at the crest of San Hateo Hesa, and end where their drainages meet. 
The middle subunit has an established arroyo which cuts through the 
alluvial slope. The lowest subunit is a gently sloping region with no 
well-established drainage network. 

The eastern drainage consists of three subunits totaling 457 
acres. The upper subunit consists of a relatively steep canyon on 
the east side of Roman Hill. The mid subunit includes the catchment 
leading to a stock watering pond, while the lower unit is the approach 
slope to the mill site. The lower part of the east drainage Includes 
an incised gully which formed below the stock tank, and leads to an 
interceptor ditch which diverts water southwest, to Voght Tank. The 
interceptor ditch and stock tanks were assumed to have no Impact on 
the 1000-year design. 

Additional design Information on drainage basins and subunits was 
developed for input into the HEC-1 computer model (COE, 1981). This 
additional information Includes area and slope calculations, time of 
concentration by the Kirpich method (AISI, 1971), and lag times of 
the subunits (OOI, 1977). A six-hour local storm PHF hydrograph was 
developed by methods described in HHR-49 (OOC, 1977b). 

Computer modeling was performed for the watersheds for conditions 
of combined and routed sub-basins with ranges of infiltration rates 
and SCS soil curve numbers. Haximum modeled flow rates were obtained 
using a routing/combining format with a 0.2 Infiltration rate. 

Haximum HEC-1 model flow rates were 22,624 cubic feet per second 
(cfs) in the north drainage, and 7292 cfs in the east drainage. Addi
tional PHF calculations to support the final design in Appendix B, 
Engineering Design, have been prepared by the RAC. 

D.10.5 SURFACE WATER QUALITY 

Water quality was analyzed from nine locations near the Ambrosia 
Lake tailings site, and along San Hateo Creek and Arroyo del Puerto 
(FBDU, 1983; NHEIO. 1980; Gallaher and Goad, 1981) (Figure D.10.1). A 
total of 30 constituents was analyzed from samples near the tailings 
pile, Arroyo del Puerto, and San Hateo Creek (Table D.10.1) and a 
second set of eight constituents was sampled from the arroyo and creek 
(Table 0.10.2). Analysis of these data on a trilinear diagram (Figure 
0.10.2) reflects the differences in water chemistry between San Hateo 
Creek and Arroyo del Puerto. Arroyo del Puerto and downstream sections 
of the San Hateo Creek are affected by seepage from the Quivira Hine 
tailings pond and mine water discharges from the Ambrosia Lake area 
as evidenced by high calclum-sulfate content in surface waters (Table 
D.10.1). Because flow in Arroyo del Puerto is sustained almost 
entirely by groundwater discharge from mines, definition of surface 
water quality is not applicable to the Arroyo del Puerto. 
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o Surface water which could be potentially affected by contamination 
from the Ambrosia Lake tailings site, only occurs occasionally as 
ponded runoff during excessive precipitation events. There was no 
ponded water near the site to be sampled during the October, 1985, 
investigation. A sample (location 665 on Figure D.10.1) from the 
surface pond on the tailings was collected in May, 1986. Chemical 
analyses of this sample are presented in Table D.10.1. 

Samples 604, 605, and 606 were collected from Intermittent 
surface water ponds at the Ambrosia Lake tailings site, which are 
presently dry. At the time of sampling (1981), localized ponded water 
at the site contained levels of arsenic, iron, selenium, and, in one 
case, cadmium, which exceeded state or Federal water-quality standards 
(Table 0.10.3). 

• 
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E.l WATER RESOURCES PROTECTION STRATEGY 

Groundwater in the uppermost aquifer at the Ambrosia Lake disposal site 
qualifies for supplemental standards (40 CFR Part 192.11 (e)). The supple
mental standard application is based on the insufficient yield of the 
alluvium/weathered Hancos Shale and Tres Hermanos-C Sandstone that comprise 
the uppermost aquifer beneath the Ambrosia Lake site. The uppermost aquifer is 
Incapable of producing 150 gallons per day or more for a sustained period of 
time which classifies it as limited use (class III) groundwater (Section D.8.4 
of Appendix D). In addition to Insufficient yield, the water contained in the 
alluvium/weathered Hancos Shale and Tres Hermanos-C Sandstone is of poor 
quality and cannot be used for drinking or other beneficial purposes. 

The hazardous constituents within the tailings pore fluids at Ambrosia 
Lake are mostly metal ano metalloid ĉ c'"̂ ""̂ ^ assoc1at^~yiW~the urajn̂ ^̂  
Ing process. Concentrations of arsenic, barTumT cadmium, lead, molybdenum, 
nitrate, selenium, silver, uranium, and activities of gross alpha, radTunn^?2F" 
and -228 exceed the Haximum C'oncentration Timits (HCLs) established by ~the 
U.S. Environmental Protection Agency (EPA) in at least one taTnngs p"ore water 
sampTe~coT1ected from lyTfmeters or wefl"poTiriit?7' Antimony, cobaTT, copper, 
"cyanide, fluoride, nickel, tin, vanadium, and zinc are inorganic nazaroous 
constituents without HCLs. but were present In tailings pore"~Tluid at 
concentrations higher than the laboratory method detection limit. No organic 
hazardous constituents were above laboratory method detection limits. 

For this supplemental standards application, no concentration limits or 
point of compliance have been specified. This is justified considering that 
uranium processing activities established the condition of saturation In the 
alluvium/weathered Hancos Shale and the Tres Hermanos-C Sandstone, As part of 
the supplemental standards application, a risk assessment was performed to 
evaluate whether supplemental standards would protect human health and the 
environment from the consumption of groundwater in the uppermost aquifer. The 
risk assessment considered the hypothetical use of the uppermost aquifer as a 
source of drinking water. The results of the risk assessment indicate that 
there would be noncarcinogenic health effects associated with the long-term 
consumption of the groundwater. In addition, short and long-term carcinogenic 
health effects may occur. The concentration of uranium In the groundwater was 
the major contributor to carcinogenic risk. However, the likelihood of con
sumption of groundwater from the alluvium/weathered Hancos Shale and Tres 
Hermanos-C Sandstone is negligible because groundwater cannot be developed due 
to insufficient yield. Furthermore, the area of saturation Is covered mostly 
by the tailings and the confines of the site boundaries, providing positive 
Institutional control over the use of groundwater. A review of land and water 
use patterns in the site vicinity supports the application of supplemental 
standards. An engineering evaluation of the proposed remedial action design 
determined that the disposal cell protects human health and the environment by 
Incorporating design features that are as close to meeting the otherwise 
applicable standard as is reasonably achievable. 

Consumption of groundwater from the Westwater Canyon Hember may also 
result in carcinogenic and noncarcinogenic health effects. Contaminated 
groundwater may have migrated down mine shafts and vent holes into the 
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Westwater Canyon Hember. The Westwater Canyon Hember is a source of drinking 
water in the area, but due to mining in the region, water quality has already 
deteriorated to the extent that there is some risk to human consumption. 
Groundwater in the Westwater Canyon Hember exceeds the HCLs for cadmium, 
chromium, lead, molybdenum, selenium, silver, and uranium and activities of 
radium -226 and -228. However, mixing of contaminated groundwater from the 
Ambrosia Lake site with the Westwater Canyon Hember groundwater has negligible 
effect on water quality in the Westwater and results in no additional risk to 
humans. v 

The proposed disposal cell cover at the Ambrosia Lake site is a low 
hydraulic conductivity clay radon barrier (saturated hydraulic conductivity of 
1 X 10-^ centimeters per second (cm/s)), overlain by a high hydraulic 
conductivity (0.1 cm/s) filter layer and an erosion protection layer. The 
radon barrier will limit steady state vertical seepage (flux) through the 
tailings to 1 x 10"' cm/s. This flux is lower than the drainage capacity of 
the alluvium/weathered Hancos Shale, preventing tailings seepage from perching 
on the contact between the base of the tailings and the alluvium/weathered 
Hancos Shale. Because this flux is approximately equal to natural recharge at 
the Ambrosia Lake site, tailings seepage will not create a condition of 
saturation in the alluvium/weathered Hancos Shale at the contact with the 
Hancos Shale. 

Following closure of the disposal cell, active maintenance of the cell 
will be minimized because it will be built with durable, natural materials 
meeting the longevity requirements of 40 CFR Part 192.02. Furthermore, the 
disposal cell is designed to accommodate natural forces such as erosion and 
frost heave. 

A surveillance and maintenance (S&M) plan will be developed to address 
the various monitoring needs of the disposal cell, including biolntrusion and 
soil erosion. The data collected will be used to evaluate the performance of 
the disposal cell. 

The need for and extent of groundwater restoration at the Ambrosia Lake 
site is based on the extent of existing contamination, the potential for 
current or future use of the alluvium/weathered Hancos Shale and Tres Hermanos 
-C Sandstone for drinking water supplies, and the technical practicability of 
restoring the aquifer. Because groundwater in the alluvium/weathered Mancos 
shale and Tres Hermanos-C Sandstone (the uppermost aquifer) is Class III, 
groundwater clean-up is unwarranted. There is Insufficient yield in the 
uppermost aquifer for it to be considered a water resource and, therefore, it 
cannot be put to beneficial use. The low yield makes groundwater clean-up 
technically impracticable. 

By not performing groundwater clean-up, the DOE is still protecting human 
health and the environment because there is no present or predicted future use 
of groundwater in the uppermost aquifer. 
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E.2 CONCEPTUAL DISPOSAL CELL DESIGN FEATURES TO PROTECT WATER RESOURCES 

The disposal cell cover system being considered for the Ambrosia Lake 
site is a low hydraulic conductivity clay radon barrier overlying the 
tailings. The radon barrier will serve as the primary infiltration barrier 
and will be overlain by a high-hydraulic conductivity filter layer, which will 
divert water rapidly off the pile. This will be overlain by an erosion 
protection layer consisting of rock riprap. 

The disposal cell will be constructed on the unconsolidated alluvium/ 
weathered Mancos Shale. A cross section of the disposal cell is shown on 
Figure E.2.1. Additional Information on the geology at the Ambrosia Lake site 
is presented in Section 0.4 of Appendix 0. 

E.2.1 DESIGN CONSIDERATIONS 

Design considerations for the disposal cell Include Identifying 
natural Infiltration rates and rates of drainage into the underlying 
materials to ascertain whether seepage from the disposal cell will 
continue to create a condition of saturation in the alluvium/weathered 
Hancos Shale at the contact of the unweathered Hancos Shale. Long-term 
seepage from the disposal cell is a function of the unsaturated 
hydraulic conductivity of the radon barrier and the transient rate of 
drainage of moisture already in the tailings. Field studies at other 
disposal sites with similar cover designs and climate and unsaturated 
flow modeling of the radon barrier suggest that the radon barrier will 
remain unsaturated during the design life of the disposal cell (DOE, 
1989). 

E.2.1.1 Natural Infiltration 

Naturally occurring infiltration into the alluvium/weath
ered Hancos Shale was considered in the design of the disposal 
cell. A condition of saturation In the alluvium/weathered 
Hancos Shale could occur at the contact with the unweathered 
Hancos Shale below the disposal cell if infiltration through 
the tailings is significantly greater than natural ambient 
infiltration. Because the alluvium/weathered Hancos Shale is 
In some areas only 10 feet thick, it is a consideration that 
saturation does not extend up into the tailings. Thus, 
infiltration through the radon barrier must be restricted to a 
flux that is less than the natural ambient infiltration. 

Natural infiltration may be estimated from the annual 
precipitation. In semiarid regions, infiltration is often one 
or two percent of the annual precipitation (Rush et al.. 1982). 
The average annual precipitation for Ambrosia Lake is 8.8 
inches (QHC. 1981). If the annual precipitation at the site 
is conservatively assumed to be 12 Inches and infiltration to 
groundwater is less than two percent of precipitation, infil
tration would be less than 0.24 Inch a year, equivalent to an 
annual flux of less than 2 x 10"^ cm/s. 
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Host of the alluvium/weathered Hancos Shale at the site 
would not be saturated, if uranium processing activities had 
not discharged tailings or seepage from the mill make-up pond. 
By designing the radon barrier with less Infiltration than 
ambient natural infiltration, no saturation will develop at 
the contact of the alluvium and weathered Hancos Shale. 

E.2.1.2 Transient drainage of tailings fluids 

Seepage of water from the tailings pile continues to be a 
source of saturation of the alluvium/weathered Hancos Shale 
and the Tres Hermanos C sandstones. However, groundwater 
levels are not currently high enough to mound Into the 
tailings and surface seeps have not been observed near the 
tailings pile. Because the seepage rate from the tailings 
will be less after remedial action than what is presently 
observed, mounding of seepage at the contact between the 
alluvium/weathered Hancos Shale and the competent Hancos Shale 
or the creation of surface seeps should not be a problem. 
Water use during construction will be limited so that the 
tailings will not become saturated and potentially cause an 
Increase in the rate of seepage. The current trend of 
decreasing seepage is expected to continue during construction 
and in the post construction period. 

E.2.1.3 Subsurface drainage 

Tailings seepage will generally perch on a low-hydraulic 
conductivity geologic unit wherever the vertical seepage flux 
Is greater than the drainage capacity of the geologic unit. 
Under steady state conditions, this drainage capacity is equal 
to the saturated hydraulic conductivity of the unit. The 
saturated hydraulic conductivity of the alluvium/weathered 
Hancos Shale is 4.1 x 10"^ cm/s producing a drainage capacity 
greater than the infiltration rate (1 x 10"^ cm/s) of the 
radon barrier. For this reason there should be no perching of 
seepage at the base of the disposal cell. 

Natural infiltration at Ambrosia Lake also does not 
exceed this vertical drainage capacity, because there is 
presently no significant quantity of perched surface water at 
the site other than that related to uranium processing. This 
Is consistent with the estimate of a natural infiltration rate 
of less than 2 x 10"^ cm/s. 

E.2.2 COVER DESIGN 

The disposal cell cover at Ambrosia Lake will 1) restrict radon 
emanation into the atmosphere; 2) limit infiltration into the tailings; 
3) limit or prevent erosion from surface flow; and 4) promote runoff 
across the pile, preventing surface ponding. The cover will also 
restrict seepage, thereby maintaining unsaturated conditions in the 
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underlying materials. The seepage rate will be less than 1 x 10"' 
cm/s, and will not result 1n contaminated seepage perching on the 
low-hydraulic conductivity alluvium/weathered Hancos Shale or create a 
condition of saturation at the contact of the unweathered Hancos Shale. 

E.2.2.1 Cover components 

This section describes the components of the cover design 
which limit infiltration into the tailings. The performance 
of the cover in terms of seepage flux and meeting the proposed 
EPA groundwater standards is also discussed. 

Figure E.2.1 is a generalized cross section of the 
proposed disposal cell embankment and foundation. Table E.2.1 
lists the functions of each component of the pile. The cover 
components described below are listed in ascending order. 

Radon/infiltration barrier 

The 3.5-foot-thick radon/infiltration barrier will reduce 
radon emissions into the atmosphere and will limit Infiltra
tion of precipitation into the tailings. The radon/infiltra
tion barrier is designed with a saturated hydraulic conduc
tivity of 1 X 10"' cm/s. However, field studies on a 
similarly constructed disposal cell at Shiprock, New Hexico, 
indicate that long-term moisture contents are unsaturated, 
yielding a steady state unsaturated hydraulic conductivity of 
1 X 10"^ cm/s (DOE. 1989). Seepage will occur primarily as 
unsaturated flow, and will not perch on the lower permeability 
alluvium/weathered Hancos Shale. Because this seepage flux is 
approximately equal to the natural infiltration rate at the 
Ambrosia Lake site, tailings seepage will not cause a 
condition of saturation in the alluvium/weathered Hancos Shale 
at the contact with the unweathered Hancos Shale. 

Specifications: 

The radon/infiltration barrier at the Ambrosia Lake site 
will be constructed of weathered Hancos Shale. The weathered 
Mancos Shale will be compacted to more than 100 percent 
standard proctor density. A sheep's foot-type compactor will 
be used in order to insure that adequate mixing and kneading 
of the shale takes place. 

Performance: 

By using a high degree of compaction, the saturated 
hydraulic conductivity of the radon barrier will be 1 x 10"' 
cm/s. Because the climate at Ambrosia Lake is semiarid, the 
cover Is expected to perform In an unsaturated condition. The 
long term flux through the unsaturated cover is expected to be 
much less than the saturated hydraulic conductivity. 
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Table E.2.1 Cover components and functions of disposal cell cover, 
Ambrosia Lake site. New Mexico 

Cover component Purpose and function 

Erosion protection rock 

Filter layer 

Provide protection against erosion 
radon/infiltration barrier 

of the 

Reduce evaporation rate within the underlying 
layers and thereby preclude drying of the 
radon barrier 

Protect underlying layers from the effects of 
frost heave and frost penetration 

Drain water laterally off the disposal cell to 
limit infiltration 

Radon/infiltration barrier 
(weathered Mancos shale) 

0 

0 

Protect underlying radon/infiltration barrier 
from rock penetration 

Protect the underlying radon/Infiltration 
barrier from the effects of frost heave and 
frost penetration 

Inhibit radon emanation 

Limit infiltration 
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Longevity: 

The radon/infiltration barrier will be protected by a 
sand/filter layer overlain by an erosion protection layer. 
These layers will protect the radon/infiltration barrier from 
eroding. The thicknesses of both the erosion protection layer 
and the radon/infiltration barrier is sufficiently thick that 
effects of freezing on the hydraulic conductivity in the lower 
portions of the radon/Infiltration barrier are prevented. 
Because of these design features, the EPA design period will 
be met. 

Filter layer 

The sand filter layer above the radon barrier is designed 
to prevent erosion of the underlying radon barrier by intersti
tial flow and drain water rapidly off the pile. The filter 
layer will be six inches thick and constructed of a clean, 
high permeability (0.1 cm/s) sand. 

Specifications: 

The filter layer will be a clean sand and gravel with a 
hydraulic conductivity of 0.1 cm/s or greater. The grada
tion has been chosen to preclude damage of the radon/infiltra
tion barrier. The gradation has also been selected to promote 
the shedding of the surface water as fast as possible. 

Performance: 

The filter layer will shed water off the pile, downslope 
and above the radon/infiltration barrier, thereby reducing the 
amount of water available for infiltration. 

Longevity: 

The EPA design period will be met. 

Erosion protection layer 

An erosion protection layer will be constructed over the 
filter layer. The erosion protection layer will protect the 
radon barrier and tailings embankment from runoff resulting 
from a Probable Maximum Precipitation event on the embankment 
and from runoff resulting from a Probable Haximum Flood (PHF) 
on the small watershed upslope of the embankment. The erosion 
protection layer is also designed to protect the embankment 
from the encroachment of gullies. 

Specifications 

The rock to be used for the Ambrosia Lake cover is a 
dense basalt which has been evaluated using standard Uranium 
Hill Tailings Action (UHTRA) Project procedures and U.S. 
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Nuclear Regulatory Commission (NRC) requirements. The rock is 
of sufficient quality to resist weathering processes and 
physical forces caused by wind and water. 

Performance: 

The rock will prevent erosion by flow in gullies. The 
rock is also sufficiently large to serve as a barrier against 
burrowing animals and encroaching vegetation. 

Longevity: 

The durable rock cover will meet the EPA design criteria. 
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1.0 INTRODUCTION 

The following sections discuss the historical, current, and projected land 
use and water use in the vicinity of the DOE's Ambrosia Lake, New Mexico, UMTRA 
Project site. This discussion provides the information to support the 
supplemental standards application for the Ambrosia Lake site. Additional 
information and figures can be found in Appendix D. 
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2.0 DEFINITION OF STUDY AREA 

The Ambrosia Lake tailings site is located approximately 20 miles north of 
the town of Grants in McKinley County, western New Mexico. The site is 
situated in the Ambrosia Lake valley in the Grants Uranium District (see Figure 
D.2.1 of Appendix D). In the 1970's, the Grants Uranium District was one of the 
most active in the United States, having between 38 and 45 mines in operation 
within a 50-mile radius of Grants. The 196 acre designated site currently 
consists of an approximately 111 acre tailings pile and piles of rubble from 
demolition of the abandoned mill buildings (see Figure D.2.2 of Appendix D). 

The EPA has developed a draft groundwater classification process, which 
the DOE has adopted for defining Class III (limited use) groundwaters at UMTRA 
Project sites (DOE, 1989a; EPA, 1986). This classification system is not 
designed for use on a region-wide or aquifer-wide basis, and therefore relies 
on site-specific information. Consistent with the DOE policy for utilizing 
site-specific information, this land use and water use study encompasses, at a 
minimum, the area within a three-mile radius (28.3 square miles) of the 
Ambrosia Lake site (Figure 2.1). The three-mile radius area of study is termed 
the classification review area (CRA) for the purposes of groundwater 
classifications (DOE, 1989a). Since information for the Ambrosia Lake area is 
sparse, some data for areas outside the CRA are used in this discussion. 
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3.0 BACKGROUND 

The Ambrosia Lake tailings site is in Ambrosia valley in the Grants 
Uranium District in McKinley County. The closest town is San Mateo 
(unincorporated), approximately 15 air miles southeast of the site. The 
community of Ambrosia Lake is located approximately two miles northwest of the 
site. The nearest population center is Grants, a community of approximately 
8900 people, which is in Cibola County. The land within the CRA is sparsely 
populated and is primarily used for mining and grazing (FBDU, 1983). The 
nearest residence is more than two miles northwest of the tailings site (Figure 
2.1). Approximately 60 people live within a six-mile radius (DOE, 1987). 

The topography of the area surrounding the site consists of broad, 
elongated valleys separated by basalt-capped mesas. The site lies within the 
drainage basin of Arroyo del Puerto, a tributary of San Mateo Creek. Arroyo 
del Puerto is an intermittent stream which lies approximately one mile 
southwest of the tailings site. Small ephemeral streams are also present north 
and east of the site and drain to the southwest. 

The Ambrosia Lake area is semiarid with annual precipitation less than 11 
inches. Plant species common to the area include Russian thistle, squirreltail 
grass, and snakeweed. Elevation in the general vicinity of the site is 
approximately 7000 feet above mean sea level. Soils in the area are of the Las 
Lucas-Little-Persayo association, which underlie and surround the tailings pile 
(see Figure D.4.6 and Section D.4.2.3 in Appendix D). Wildlife habitat near 
the site is marginal due to overgrazing and is dominated by grasses, herbs, and 
widely scattered shrubs (DOE, 1987). 
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4.0 POPULATION AND GROWTH 

The Ambrosia Lake site is located in southeastern McKinley County, which 
is rural and sparsely populated. Although the site is located in McKinley 
County, the socioeconomic focus is primarily on Cibola County to the south and 
the Grants-Milan population center (see Figure D.2.1 in Appendix D ) . 

The decline of the uranium industry in the early 1980s had a significant 
impact on the cities of Grants and Milan. Many workers associated with the 
uranium industry have left the area, as evidenced by the decline in the 
population of both Grants and Milan since 1980. The population of Grants was 
11,439 in 1980 and had declined 22 percent to 8,965 by 1984. Similarly, the 
population of Hilan declined 24 percent from 3,747 in 1980 to 2,831 by 1984. 
As a result of the population decline, Grants and Milan have a surplus of 
housing, and community services such as water, sewage treatment, and schools 
are operating significantly below capacity. The potential for growth is tied 
to any resurgence of the uranium industry, since there are no other major 
industries in the area other than ranching. Within the CRA, the population 
level is expected to stay at the current level, since ranching is the dominant 
land use in the area and will not generate significant populations changes. 
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5.0 CURRENT AND FUTURE LAND USE 

5.1 CURRENT LAND USE 

Historic land use in McKinley County was consisten with the primary 
land use of today, which is low-density grazing. Ninety percent of the 
land in the county is utilized for this purpose. Some land is also 
utilized jointly for grazing and mining. Commercial timber operations 
utilize approximately seven percent of the land. Less than one percent of 
the land in the county is used for raising crops, which include hay, grain 
and vegetables. Residential, commercial, or industrial land use occurs on 
relatively small segments of land within McKinley County. Land use within 
the CRA and within a five-mile radius of the site is shown in Figure 5.1. 

Uranium was discovered in the Grants Mineral Belt in 1950 (NMEMD, 
1979). Mining and milling of uranium deposits became the principal 
industry of the Ambrosia Lake valley until about 1980, when the demand for 
uranium declined (DOE, 1987). During the height of the industry, the 
Grants-Milan area realized increased populations and requirements for 
community services. Since 1981, uranium mining within McKinley County has 
declined dramatically, with over 90 percent of the uranium mines having 
ceased production (Durren, 1985). 

5.2 FEDERAL LAND 

The Federal government controls approximately 12 percent of the land 
in McKinley County, which is divided approximately equally between the 
U.S. Bureau of Land Management (BLM) and the U.S. Forest Service (FBDU, 
1983). Some BLM and Forest Service land is located within the CRA (Figure 
5.1). 

5.3 TRIBAL LAND 

About 61 percent of the land in McKinley County New Mexico is owned 
or managed by Indian tribes or the Bureau of Indian Affairs (BIA) (FBDU, 
1983). Several parcels of tribal land or BIA land are located near the 
Ambrosia Lake tailings site. These lands are west and southwest of the 
site (Figure 5.1). 

5.4 STATE LAND 

The State of New Mexico controls less than five percent of the land 
in McKinley County (FBDU, 1983). Within the CRA, the State of New Mexico 
controls several parcels of land surrounding the site (Figure 5.1). 

5.5 PRIVATE LAND 

Less than 20 percent of the land in McKinley County is under private 
ownership. Parcels of privately owned land are scattered in all 
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directions around the Ambrosia Lake tailings site (Figure 5.1). Within 
the CRA, some of the privately owned land consists of both inactive and 
abandoned mining operations. The Quivira Mining Company tailings site Is 
located approximately two miles southwest of the Ambrosia Lake site. The 
inactive Ann Lee Mine No. 1 is located immediately northeast of the 
Ambrosia Lake site. Other mines within a five-mile radius of the site 
include the Homestake-New Mexico Partners Mine to the southwest, the 
Section 33 Mine to the south, the Sandstone Mine to the southeast, the 
Section 27 Mine to the east, the Kermac Mine No. 30 to the west, and Mine 
No, 17 to the northwest (DOE, 1987) (see Figure D.8.9 in Appendix D ) . 

5.6 FUTURE LAND USE 

The area within the CRA has been recently dominated by the uranium 
mining and milling industry, and historically by low-density grazing. It 
is doubtful that a significant expansion of grazing will occur since the 
area is semiarid, the soils are poor, and the rangeland is overgrazed, and 
both surface water and high-quality shallow groundwater resources are 
limited. 

The future of the active uranium mines and mills of the area is 
directly related to trends in the uranium market. Inactive mining and 
milling areas could become active if there is a resurgence in the market 
value of uranium ore. Also, future development of other lands for the 
uranium mining industry could occur given an adequate market. 

-11-
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6.0 GROUNDWATER USE AND PROXIMITY 

6.1 EXISTING USE 

Groundwater is the primary source of water in the Ambrosia Lake 
area. Current groundwater consumption is approaching pre-1955 use due to 
the decline of the uranium mining industry. The principal groundwater 
uses in the Ambrosia Lake area are for the uranium mining industry, and 
for domestic and stock watering purposes (DOE, 1987). 

The uranium mining industry has been the principal user of 
groundwater since the mid-1950s in the Ambrosia Lake area. The Westwater 
Canyon Member of the Morrison Formation is the ore-bearing aquifer in the 
Ambrosia Lake mining district. Beginning in the mid-1950s, uranium mine 
dewatering withdrew large amounts of groundwater from the Westwater Canyon 
Member to facilitate uranium ore removal. Pumpage from mines in the 
Ambrosia Lake area ranged from eight to 13 million gallons per day (NMEID, 
1980). Potentiometric levels were lowered hundreds of feet in the eastern 
Ambrosia Lake area after 20 years of pumping. 

At the current time, many of the uranium mines in the Ambrosia Lake 
area have ceased operations due to the decline in domestic uranium 
market. Many of the mines are still being dewatered and some of this 
water is being reinjected for a solution recovery of uranium from the 
previously mined areas (see additional discussion on water use in Section 
D.8.9 in Appendix D). 

The town of San Mateo, 15 miles southeast of the Ambrosia Lake site, 
is the nearest municipality operating a public water supply. In the 
former town of Ambrosia Lake, approximately two miles northwest of the 
site, four private wells are completed in the Westwater Canyon Member and 
the alluvium along San Mateo Creek, and supply water for homes and 
trailers. There are no domestic wells completed In any of the Tres 
Hermanos Sandstones or within the alluvium in the Ambrosia Lake valley, 
since these hydrostratigraphic units do not yield an adequate supply of 
groundwater of acceptable quality. 

One active stock well, one domestic well, and one well with an 
unknown use (probainy~~FoF stock) are wi'tfri7rt1i¥"CRrTr^y|Tri')T~~0ne 

"Ttoi^k SeTT il completed in the San Andres Dmestone at a depth in excess 
1jf 3000 feet. — — • 

There is no present or historical irrigation within the Ambrosia Lake 
valley, and no demand is anticipated due to poor soils and limited 
groundwater of good quality (DOE, 1987). 

6.2 POTENTIAL USE 

If uranium production becomes economically viable in the future, 
groundwater use for industrial purposes would likely be similar in nature 
and extent as during the 1950s through the 1970s. Future development of 
groundwater resources for non-mining (domestic and stock) use in the 
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Table 6.1 Records of domestic and stock wells within the CRA 

Owner or 
well name* 

Phil Harris 

Berryhill 

Berryhill 

Principal 
aquifer" 

S 

JM 

JM 

Location 
no. 

14.9.17 

14.9.18.234 

14.9.32.314 

Total 
depth(ft) 

>3000 

800 

550 

Use 

Stock 

Domestic 

Stock (?) 

a Does not include known abandoned wells. 
b JM « Westwater Canyon Member, Horrison Formation; S » San Andres 

Limestone. 
Ref. Brod and Stone, 1981; Marquez, 1985; Baughman, 1985; Wohlenberg, 

1989. 

0 

Ambrosia Lake area does not seem likely. the State of New Mexico 
Initiated a pennit requirement for domestic wells in May 1976. Since the 
initiation of the permit requirement, no permits have been issued for 
domestic wells within five miles of the Ambrosia Lake tailings site 
(Wohlenberg, 1989). As previously stated, many of the wells in the 
Ambrosia Lake valley have been abandoned. Dewatering of the aquifers for 
mining operations has lowered the potentiometric levels hundreds of feet 
in the Ambrosia Lake area. In addition, there are no domestic wells 
completed in any of the shallow aquifers, such as the Tres Hermanos 
Sandstones or within the alluvium in the Ambrosia Lake valley. 

Future development of groundwater for livestock watering is also 
expected to be very minimal. Area lands are used for low-density grazing, 
with some water needs currently met by the use of surface water collected 
from ephemeral streams. Although there are two wells presently used for 
livestock within the CRA, they are completed at depths in excess of 500 
feet. Additional development of groundwater for stock watering purposes 
is expected to be minimal. This is due to the lack of adequate forage to 
support additional livestock. 
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7.0 GROUNDWATER CLASSIFICATION 

7.1 FEDERAL 

The EPA has developed final-draft guidelines for groundwater 
classification (EPA, 1986), which the DOE has adopted for determination of 
Class III groundwaters (DOE, 1989a). The classification system, which is 
related to use and quality, is based on three classes of water, Classes I, 
II and III. Drinking water is considered to be the highest beneficial use 
of groundwater. 

Class I waters are special waters that require protection. These 
aquifers are highly vulnerable to contamination and are Irreplaceable 
sources of water serving substantial populations, and/or are ecologically 
vital. 

Class II waters consist of aquifers that are current or potential 
sources of drinking water. The EPA has subdivided Class II waters into 
Class IIA and Class IIB. Class IIA waters are current sources of drinking 
water and Class IIB are potential sources of drinking water. 

Class III (limited use) groundwaters are neither current nor 
potential sources of drinking water. Groundwater is Class III if it meets 
one or more of the following criteria (40 CFR 192.11(e)) (EPA, 1987): 

0 The total dissolved solids 
milligrams per liter (mg/l). 

(TDS) concentration exceeds 10,000 

0 The water is not a current or potential source of drinking water 
due to widespread ambient contamination caused by natural 
conditions or by human activity, excluding contributions from 
uranium milling, and the water cannot be cleaned up using methods 
reasonably employed by public water supply systems. 

0 The aquifer is incapable of producing more than 150 gallons per 
day for a sustained period of time. 

The EPA has subdivided Class III groundwater Into two categories that 
relate to the degree of interconnection. Class IIIA waters have an 
intermediate to high degree of interconnection to adjacent surface waters 
or groundwaters. Class IIIB groundwaters have a low degree of 
interconnection. Groundwaters with insufficient yield (less than 150 
gallons per day sustained yield) are classified as Class IIIA. 

As discussed in Section D.8.4, the uppermost aquifer at the Ambrosia 
Lake site is incapable of producing more than 150 gallons per day. 
Therefore, the alluvial system constitutes a Class III groundwater. 
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7.2 STATE OF NEW MEXICO 

A groundwater classification system has not been developed in New 
Mexico, although the State of New Mexico does provide protection of 
groundwater resources through Implementation and enforcement of the New 
Mexico Water Quality Act (WQCC, 1987), the New Mexico Water Quality 
Standards (WQCC, 1981), and the New Mexico Water Quality Regulations 
(WQCC, 1986). All aspects of groundwater protection are administered by 
the New Mexico Water Quality Control Commission (WQCC). 

The purpose of the WQCC groundwater regulations is to protect all 
groundwaters of the state which have existing concentrations of total 
dissolved solids of 10,000 mg/l or less. Groundwater protection is for 
present and potential future use as domestic and agricultural water 
supply, and for protection of those segments of surface waters which are 
gaining because of groundwater inflow (WQCC, 1986). 

The State of New Mexico has adopted some of the Federal maximum 
concentration limits (MCLs) for a few of the chemicals regulated under the 
Safe Drinking Water Act (ILENR, 1988). 

The State of New Mexico has also made provisions for assessing 
existing groundwater quality in groundwater discharge plans submitted by 
the active mills in the Ambrosia Lake area. The WQCC regulations (WQCC, 
1986), state that "if the existing concentration of any water contaminant 
in ground water is in conformance with the standard (Section 3-103, WQCC 
1986), degradation of the ground water up to the limit of the standard 
will be allowed." In the situation where "the existing concentration of 
any contaminant in ground water exceeds the standard of Section 3-103, no 
degradation of the ground water beyond the existing concentration will be 
allowed" (WQCC, 1986). The numerical groundwater standards are 
established at the point of present or foreseeable groundwater use 
(Bostick, 1986). 

The state and Federal groundwater quality regulations are listed in 
Table D.10.3. of Appendix D. 
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8.0 SURFACE WATER AND PROXIMITY 

The Ambrosia Lake tailings site lies in the drainage basin of Arroyo 
del Puerto, an intermittent tributary of San Mateo Creek (see Figure 
D.10.2 of Appendix D). The water quality of Arroyo del Puerto and 
downstream sections of San Mateo Creek is affected by seepage from the 
Quivira Mine Company tailings ponds and mine water discharges from the 
Ambrosia Lake area (FBDU, 1983; Gallaher and Goad, 1981; NMEID, 1980). 
Perennial flow had been sustained in Arroyo del Puerto from the late 1950s 
until 1980 by mine water discharge (Brod and Stone, 1981). Arroyo del 
Puerto has since reverted to an intermittent stream due to the reduction 
in mining activity. The flow in Arroyo del Puerto is generally lost to 
channel infiltration and evapotranspiration a short distance above its 
confluence with San Mateo Creek, about five miles south of the site. 

Two unnamed drainage channels are also present near the site (see 
Figure D.10.1 in Appendix D). These channels originate northeast of the 
tailings pile. The northern ephemeral stream drains an area of 
approximately 1550 acres and terminates northern of the existing tailings 
pile. The northern ephemeral stream shows no indication of draining to 
Arroyo del Puerto. The eastern ephemeral stream drains approximately 450 
acres. Runoff from the eastern ephemeral stream is collected in three 
stock tanks upstream of the tailings site or is intercepted just east of 
the site and is diverted into Voght tank, a stock watering pond. The 
eastern ephemeral stream is the only one of the two drainage channel that 
is used for livestock watering. Overflow from the Voght tank enters a 
drainage channel which discharges into Arroyo del Puerto approximately 2.5 
miles south of the site (DOE, 1987). 
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9.0 SURFACE WATER CLASSIFICATION 

The waters of the state are defined in accordance with the New Mexico 
Water Quality Standards, as established under the New Mexico Water Quality 
Act. Water quality standards and regulations are administered by the WQCC. 
The water quality standards for interstate and intrastate streams in New Mexico 
define the designated uses of surface water and establish general standards and 
area-specific standards for maintaining water quality. Since the only use of 
surface water in the area is for stock watering purposes, no attempt at surface 
water classification has been made for this discussion. 
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10.0 POTENTIAL DEVELOPMENT OF WATER RESOURCES 

Future development of the limited groundwater resources in the Ambrosia 
Lake area is dependent upon the uranium mining industry. Development and 
large-scale use of water resources in the area has coincided with the uranium 
mining industry, which began in the 1950s. With the collapse of the mining and 
milling activities, the majority of mines and support operations have closed. 
Businesses in the Grants-Milan area that supported the mining industry have 
also been adversely affected. New mining and milling activities could 
stimulate a development of the "groundwater resources simiTar to the pasT 
20-year uranium mining period in the Grants area. IT this occurs, further 
degradation of the grounciwater qualTty in the area may occur due to mine 
dewaterings and the Tike. 

^ Prior to the beginning of mining ijs the 1S.505-,—th ere—wa s- little 
development in the Ambrosia Lake area and limited use of groundwater. The 
20-year period "of uranium mining and milling activity stimulated_th.e„temp.oiiar.v-
development of the Ambros-i.a Lake ^v.al.l.ey-,—subs.tan.tJ.a.lXy™degraded_the_water_ 
qLLaJJ.ty., an.d_iieiiu.c.ed.„the„quant.i.ty__of™groundwaterucesouK:ces... Future development 
of groundwater resources in the area is expected to be even more limited than 
the minimal development which occurred l>rior to mining. Low density grazing 
will continue in the Ambrosia Lake area. However, groundwater use for stock 
watering purposes is not expected to increase much above current levels. If 
additional stock water is required, it would be developed from the deeper 
aquifers. 

There are no permanent natural surface-water bodies within the CRA. 
Arroyo del Puerto is not a reliable supply of surface water since it is an 
intermittent stream because the flow is generally lost to channel infiltration 
and evapotranspiration. The unnamed eastern ephemeral stream will likely 
continue to be used for livestock watering. There is the potential for similar 
development of the unnamed northern ephemeral stream for livestock watering. 
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A. URANIUM MILL TAILINGS RADIATION CONTROL 
ACT OF 1978, AS AMENDED 

Public Law 95-604 92 Stat. 3021 

November 8,1978 
An Act 

Sec. 1. Short Title and Table of Contents 
This Act may be cited as the "Uranium Mill Tailings Radiation 

Control Act of 1978." (TOC not duplicated here.) 
Sec. 2. Findings and Purposes 

42 use 7901. (a) The Congress finds that uranium mill tailings located at active and 
inactive mill operations may pose a potential and significant radiation 
health hazard to the public, and that the protection ofthe public health, 
safety, and welfare and the regulation of interstate commerce require that 
every reasonable effort be made to provide for the stabilization, disposal, 
and control in a safe and environmentally sound manner of such tailings 
in order to prevent or minimize radon diffusion into the environment and 
to prevent or minimize other environmental hazards from such tailings. 

(b) The purposes of this Act are to provide-
(1) in cooperation with the interested States, Indian tribes, and the 

persons who own or control inactive mill tailings sites, a program of 
assessment and remedial action at such sites, including, where 
appropriate, the reprocessing of tailings to extract residual uranium 
and other mineral values where practicable, in order to stabilize and 
control such tailings in a safe and environmentally sound manner and 
to minimize or eliminate radiation health hazards to the public, and 

(2) a program to regulate mill tailings during uranium or thorium 
ore processing at active mill operations and after termination of such 
operations in order to stabilize and control such tailings in a safe and 
environmentally sound manner and to minimize or eliminate radiation 
health hazards to the public. 

TITLE I-REMEDIAL ACTION PROGRAM 

Sec. 101. Deflnitions 
42 USC 7911. For purposes of this title-

(1) The term "Secretary" means the Secretary of Energy. 
(2) The term "Commission" means the Nuclear Regulatory 

Commission. 
(3) The term "Administrator" means the Administrator of the 

Enviroimiental Protection Agency. 
(4) The term "Indian tribe" means any tribe, band, clan, group, 

pueblo, or community of Indians recognized as eligible for services 
provided by the Secretary ofthe Interior to Indians. 

(5) The term "person" means any individual association, 
partnership, corporation, firm, joint venture, trust, govemment entity, 
and any other entity, except that such term does not include any Indian 
or Indian tribe. 
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(6) The term "processing site" means-
(A) any site, including the mill, containing residual radioactive 

materials at which all or substantially all ofthe uranium was 
produced for sale to any Federal agency prior to January 1, 1971 
under a contract with any Federal agency, except in the case of a 
site at or near Slick Rock, Colorado, unless-

(i) such site was owned or controlled as of January 1, 1978, 
or is thereafter owned or controlled by any Federal agency, or 

(ii) a license (issued by the Commission or its predecessor 
agency under the Atomic Energy Act of 1954 or by a State as 
permitted under section 274 of such Act) for the production at 
such site of any uranium or thorium product derived from ores 
is in effect on January 1, 1978, or is issued or renewed after 
such date; and 
(B) any other real property or improvement thereon which-

(i) is in the vicinity of such site, and 
42 USC 2011 note. (ii) is determined by the Secretary, in consultation with the 
42 USC 2021. .Commission, to be contaminated with residual radioactive 

materials derived from such site. 
Any ownership or control of an area by a Federal agency which is 
acquired pursuant to a cooperative agreement under this title shall not be 
treated as ownership or control by such agency for purposes of 
subparagraph (A)(i). A license for the production of any uranium product 
from residual radioactive materials shall not be treated as a license for 
production from ores within the meaning of subparagraph (A)(ii) if such 
production is in accordance with section 108(b). 

(7) The term "residual radioactive material" means-
(A) waste (which the Secretary determines to be radioactive) in 

the form of tailings resulting from the processing of ores for the 
extraction of uranium and other valuable constituents ofthe ores; 
and 

(B) other waste (which the Secretary determines to be 
radioactive) at a processing site which relate to such processing, 
including any residual stock of unprocessed ores or low-grade 
materials. 
(8) The term "tailings" means the remaining portion of a 

metal-bearing ore after some or all of such metal, such as uranium, has 
been extracted. 

(9) The term "Federal agency" includes any executive agency as 
defined in section 105 of title 5 ofthe United States Code. 

(10) The term "United States" means the 48 contiguous States and 
Alaska, Hawaii, Puerto Rico, the District of Columbia, and the 
territories and possessions ofthe United States. 

Sec. 102. Designation of Processing Sites 
42 USC 7912. (a)(1) As soon as practicable, but no later than one year after 

enactment of this Act, the Secretary shall designate processing sites at or 
near the following locations: 

Salt Lake City, Utah 
Green River, Utah 
Mexican Hat, Utah 
Durango, Colorado 
Grand Junction, Colorado 
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Rifle, Colorado (two sites) 
Gunnison, Colorado 
Naturita, Colorado 
Maybell, Colorado 
Slick Rock, Colorado (two sites) 
Shiprock, New Mexico 
Ambrosia Lake, New Mexico 
Riverton, Wyoming 
Converse County, Wyoming 
Lakeview, Oregon 
Falls City, Texas 
Tuba City, Arizona 
Monument Valley, Arizona 
Lowman, Idaho 
Canonsburg, Pennsylvania 

Remedial action. Subject to the provisions of this title, the Secretary shall complete 
remedial action at the above listed sites before his authority terminates 
under this title. The Secretary shall within one year ofthe date of 
enactment of this Act also designate all other processing sites within the 
United States which he determines requires remedial action to carry out 
the purposes of this title. In making such designation, the Secretary shall 
consult with the Administrator, the Commission, and the affected States, 
and in the case of Indian lands, the appropriate Indian tribe and the 
Secretary ofthe Interior. 

(2) As part of his designation under this subsection, the Secretary, 
in consultation with the Commission, shall determine the boundaries 
of each such site. 

(3) No site or structure with respect to which remedial action is 
authorized under Public Law 92-314 in Grand Junction, Colorado, 
may be designated by the Secretary as a processing site under this 
section, 
(b) Within one year from the date of the enactment of this Act, the 

Secretary shall assess the potential health hazard to the public from the 
residual radioactive materials at designated processing sites. Based upon 
such assessment, the secretary shall, within such one year period, 
establish priorities for carrying out remedial action at each such site. In 
establishing such priorities, the Secretary shall rely primarily on the 
advice of the Administrator. 

Notification. (c) Within thirty days after making designations of processing sites 
and establishing the priorities for such sites under this section, the 
Secretary shall notify the Govemor of each affected State, and where 
appropriate, the Indian tribes and the Secretary ofthe Interior. 

(d) The designations made, and priorities established, by the Secretary 
under this section shall be fmal and not be subject to judicial review. 

(e)(1) The designation of processing sites within one year after 
enactment under this section shall include, to the maximum extent 
practicable, the areas referred to in section 101(6)(B). 

(2) Notwithstanding the one year limitation contained in this 
section, the Secretary may, after such one year period, include any 
areas described in section 101(6)(B) as part of a processing site 
designated under this section if he determines such inclusion to be 
appropriate to carry out the purposes of this title. 

86 Stat. 222. 

Health hazard 
assessment. 

9 
Volume 1, Page 5-5 



42 USC 7911. (3) The Secretary shall designate as a processing site within the 
meaning of section 101(6) any real property, or improvements thereon, 
in Edgemont, South Dakota, that-

(A) is in the vicinity of the Tennessee Valley Authority 
uranium mill site at Edgemont (but not including such site), and 

(B) is determined by the Secretary to be contaminated with 
residual radioactive materials. 

(f)(1) DESIGNATION. Notwithstanding any other provision of law, 
the Moab uranium milling site (referred to in this subsection as the "Moab 
site") located approximately three miles northwest of Moab, Utah, and 
identified in the Final Environmental Impact Statement issued by the 
Nuclear Regulatory Commission in March 1996 in conjunction with 
Sovu-ce Materials License No. SUA-917, is designated as a processing 
site. 

(2) APPLICABILITY. This title applies to the Moab site in the 
same manner and to the same extent as to other processing sites 
designated under subsection (a), except that-

(A) sections 103, 104(b), 107(a), 112(a), and 115(a) of this title 
shall not apply; and 

(B) a reference in this title to the date ofthe enactment of this 
Act shall be treated as a reference to the date of the enactment of 
this subsection [enacted October 30, 2000]. 
(3) REMEDIATION. Subject to the availability of appropriations 

for this purpose, the Secretary shall conduct remediation at the Moab 
site in a safe and environmentally sound manner that takes into 
consideration the remedial action plan prepared pursuant to 
section 3405(i) ofthe Strom Thurmond National Defense 
Authorization Act for Fiscal Year 1999 (10 USC 7420 note; Public 
Law 105-261, including-

(A) ground water restoration; and 
(B) the removal, to a site in the State of Utah, for permanent 

disposition and any necessary stabilization, of residual radioactive 
material and other contaminated material from the Moab site and 
the floodplain ofthe Colorado River.' 

42 USC 7917. In making the designation under this paragraph, the Secretary shall 
consult with the Administrator, the Commission and the State of South 
Dakota. The provisions of this title shall apply to the site so designated in 
the same manner and to the same extent as to the sites designated under 
subsection (a) except that, in applying such provisions to such site, any 
reference in this title to the date of enactment of this Act shall be treated 
as a reference to the date ofthe enactment of this paragraph and in 
determining the State share under section 107 ofthe costs of remedial 
action, there shall be credited to the State, expenditures made by the State 
prior to the date ofthe enactment of this paragraph which the Secretary 

'As amended, Public Law 106-398, sec. 1, (114 Stat. 1654), October 30, 2000. 
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42 USC 7913. 

Terms and 
Conditions. 

Written consent. 

Waiver. 

determines would have been made by the State or the United States in 
carrying out the requirements of this title.^ 
Sec. 103. State Cooperative Agreements 

(a) After notifying a State ofthe designation referred to in section 102 
of this title, the Secretary subject to section 113, is authorized to enter into 
cooperative agreement with such State to perform remedial actions at each 
designated processing site in such State (other than a site location on 
Indian lands referred to in section 105). The Secretary shall, to the 
greatest extent practicable, enter into such agreements and carry out such 
remedial actions in accordance with the priorities established by him 
under section 102. The Secretary shall commence preparations for 
cooperative agreements with respect to each designated processing site as 
promptly as practicable following the designation of each site. 

(b) Each cooperative agreement under this section shall contain such 
terms and conditions as the Secretary deems appropriate and consistent 
with the purposes of this Act, including, but not limited to, a limitation on 
the use of Federal assistance to those costs which are directly required to 
complete the remedial action selected pursuant to section 108. 

(c)(1) Except where the State is required to acquire the processing site 
as provided in subsection (a) of section 104, each cooperative agreement 
with a State under section 103 shall provide that the State shall obtain, in 
a form prescribed by the Secretary, written consent from any person 
holding any record interest in the designated processing site for the 
Secretary or any person designated by him to perform remedial action at 
such site. 

(2) Such written consent shall include a waiver by each such 
person on behalf of himself, herself, his heirs, successors, and 
assigns-

(A) releasing the United States of any liability or claims thereof 
by such person, his heirs, successors, and assigns conceming such 
remedial action, and 

(B) holding the United States harmless against any claim by 
such person on behalf of himself, his heirs, successors, or assigns 
arising out ofthe performance of any remedial action. 

(d) Each cooperative agreement under this section shall require the 
State to assure that the Secretary, the Commission, and the Administrator 
and their authorized representatives have a permanent right of entry at any 
time to inspect the processing site and the site provided pursuant to 
section 104(b)(1) in furtherance ofthe provisions of this title and to carry 
out such agreement and enforce this Act and any mles prescribed under 
this Act. Such right of entry under this section or section 106 into an area 
described in section 101 (6)(B) shall terminate on completion of the 
remedial action, as determined by the Secretary. 

(e) Each agreement under this section shall take effect only upon the 
concurrence of the Commission with the terms and conditions thereof 

(f) The Secretary may, in any cooperative agreement enter into this 
section or section 105, provide for reimbursement ofthe actual costs, as 
determined by the Secretary, of any remedial action performed with 
respect to so much of a designated processing site as is described in 
section 101(6)(B). Such reimbursement shall be made only to a property 
owner of record at the time such remedial action was undertaken and only 

-Public Law 97-415 (96 Stat. 2067)(1983), added (3) to sec. 102(e). 
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§192.40 Applicability. 
§192.41 Provisions. 
§192.42 Substitute provisions. 
§192.43 Effective date-
Appendix I to Part 192—Listed Constituents 

Authority: Sec. 275 of the Atomic Energy Act of 1954, 42 U.S.C. 2022, as added by tiie 
Uranium Mill Tailings Radiation Control Act of 1978, Pub. L. 95-604, as amended. 

Source: 48 FR 602, Jan. 5, 1983, unless otherwise noted. 

Subpart A—Standards for the Control of Residual Radioactive Materials from Inactive 
Uranium Processing Sites 

§192.00 Applicability. 

This subpart applies to the control of residual radioactive material at designated processing or depository sites under section 108 
of the Uranium Mill Tailings Radiation Control Act of 1978 (henceforth designated "the Act"), and to restoration of such sites 
following any use of subsurface minerals under section 104(h) of the Act. 

§192.01 Definitions. 

J top 

(a) Residual radioactive material means: 

(1) Waste (which the Secretary determines to be radioactive) in the form of tailings resulting from the processing of ores for the 
extraction of uranium and other valuable constituents of the ores; and 

(2) Other wastes (which the Secretary determines to be radioactive) at a processing site which relate to such processing, including 
any residual stock of unprocessed ores or low-grade materials. 

(b) Remed/a/action means any action performed tjnder section 108 of the Act. 

(c) Control means any remedial action intended to stabilize, inhibit future misuse of, or reduce emissions or effluents from residual 
radioactive materials. 

(d) Disposal site means the region within the smallest perimeter of residual radioactive material (excluding cover materials) 
following completion of'control activities. 

(e) Depository site means a site (other than a processing site) selected under Section 104(b) or 105(b) of the Act. 

(f) Curie (Gi) means the amount of radioactive material that produces 37 billion nuclear transformation per second. One picocurie 
(pCi) = 10-''2ci. 

(g) /4c( means the Uranium IVIill Tailings Radiation Control Act of 1978, as amended, 

(h) /4dm/n/s(ratormeansthe Administrator of the Environmental Protection Agency, 

(i) Secretary means the Secretary of Energy. 
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(j) Commission means the Nuclear Regulatory Commission. 

le Secreti 
( k )WMh tribe means any tribe, band, clan, group, pueblo, or community of Indians recognized as eligible for services provided by 
the Secretary of the Interior to Indians. 

(I) Processing site means: 

(1) Any site, including ttie mill, designated by the Secretary under Section 102(a)(1) of the Act; and 

(2) Any other real property or improvement thereon which is in the vicinity of such site, and is determined by the Secretary, in 
consultation with the Commission, to be contaminated with residual radioactive materials derived from such site. 

(m) Tailings means the remaining portion of a metal-bearing ore after some or all of such metal, such as uranium, has been 
extracted. 

(n) Disposal period means the period of time beginning March 7, 1983 and ending with the completion of all subpart A 
requirements specified under a plan for remedial action except those specified in §192.03 and §192.04. 

(0) Plan for remedial action means a written plan (or plans) for disposal and cleanup of residual radioactive materials associated 
with a processing site that incorporates the results of site characterization studies, environmental assessments or impact 
statements, and engineering assessments so as to satisfy the requirements of subparts A and B of this part. The plan(s) shall be 
developed in accordance with the provisions of Section 108(a) of the Act with the concurrence of the Commission and in 
consultation, as appropriate, with the Indian Tribe and the Secretary of Interior. 

(p) Post-disposal period means the period of time beginning immediately after the disposal period and ending at termination of the 
monitoring period established under §192.03. 

(q) Groundwater means water below the ground surface in a zone of saturation. 

(r) Underground source of drinking water means an aquifer or its portion: 

(1 M H | i c h supplies any public water system as defined in §141.2 of this chapter; or 

(ii) Which contains a sufficient quantity of groundwater to supply a public water system; and 

(A) Currently supplies drinking water for human consumption; or 

(B) Contains fewer than 10,000 mg/l total dissolved solids; and 

(2) Which is not an exempted aquifer as defined in §144.7 of this chapter. 

[48 FR 602, Jan. 5, 1983, as amended at 60 FR 2865, Jan. 11, 1995] 

§192.02 Standards. 

E t s p 

Control of residual radioactive materials and their listed constituents shall be designed^ to: 

'' Because the standard applies to design, monitoring after disposal is not required to 
demonstrate compliance with respect to §192.02(a) and (b). 

(a) Be effective for up to one thousand years, to the extent reasonably achievable, and, in any case, for at least 200 years, and, 

(b) Provide reasonable assurance that releases of radon-222 from residual radioactive material to the atmosphere will not: 

(1) Exceed an average^ release rate of 20 picocuries per square meter per second, or 

M 
2 This average shall apply over the entire surface of the disposal site and over at least a one-
year period. Radon will come from both residual radioactive materials and from materials 
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covering them. Radon emissions from the covering materials should be estimated as part of 
developing a remedial action plan for each site. The standard, however, applies only to 
emissions from residual radioactive materials to the atmosphere. 

(2) Increase the annual average concentration of radon-222 in air at or above any location outside the disposal site by more than 
one-half picocurie per liter. 

(c) Provide reasonable assurance of conformance with the following groundwater protection provisions: 

(1) The Secretary shall, on a site-specific basis, determine which of the constituents listed in Appendix I to Part 192 are present in 
or reasonably derived from residual radioactive materials and shall establish a monitoring program adequate to determine 
background levels of each such constituent in groundwater at each disposal site. 

(2) The Secretary shall comply with conditions specified in a plan for remedial action which includes engineering specifications for 
a system of disposal designed to ensure that constituents identified under paragraph (c)(1) of this section entering the groundwater 
from a depository site (or a processing site, if residual radioactive materials are retained on the site) will not exceed the 
concentration limits established under paragraph (c)(3) of this section (or the supplemental standards established under §192.22) 
in the uppermost aquifer underiying the site beyond the point of compliance established under paragraph (c)(4) of this section. 

(3) Concentration limits: 

(i) Concentration limits shall be determined in the groundwater for listed constituents identified under paragraph (c)(1) of this 
section. The concentraiion of a listed constituent in groundwater must not exceed: 

(A) The background level of that constituent in the groundwater; or 

(B) For any of the constituents listed in Table 1 to subpart A, the respective value given in that Table if the background level of the 
constituent is below the value given in the Table; or 

(C) An alternate concentration limit established pursuant to paragraph (c)(3)(ii) of this section. 

(ii)(A) The Secretary may apply an alternate concentration limit if, after considering remedial or corrective actions to achieve the 
levels specified in paragraphs (c)(3)(i)(A) and (B) of this section, he has determined that the constituent will not pose a substantial 
present or potential hazard to human health and the environment as long as the alternate concentration limit is not exceeded, and 
the Commission has concurred. 

(B) In considering the present or potential hazard to human health and the environment of alternate concentration limits, the 
following factors shall be considered: 

( 1) Potential adverse effects on groundwater quality, considering: 

(/•) The physical and chemical characteristics of constituents in the residual radioactive material at the site, including their potential 
for migration; 

(//) The hydrogeological characteristics of the site and surrounding land; 

(///) The quantity of groundwater and the direction of groundwater flow; 

(/V) The proximity and withdrawal rates of groundwater users; 

( V) The current and future uses of groundwater in the region surrounding the site; 

( vi) The existing quality of groundwater, including other sources of contamination and their cumulative impact on the groundwater 
quality; 

( vii) The potential for health risks caused by human exposure to constituents; 

( viii) The potential damage to wildlife, crops, vegetation, and physical structures caused by exposure to constituents; 

( i x ) The persistence and permanence of the potential adverse effects; 

( x ) The presence of underground sources of drinking water and exempted aquifers identified under §144.7 of this chapter; and 

( 2 ) Potential adverse effects on hydraulically-connected surface-water quality, considering: 
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( / ) The volume and physical and chemical characteristics of the residual radioactive material at the site; 

( / /mPiydrogeological characteristics of the site and surrounding land; 

(///) The quantity and quality of groundwater, and the direction of groundwater flow; 

( i v ) The patterns of rainfall in the region; 

( v) The proximity of the site to surface waters; 

( vi) The current and future uses of surface waters in the region surrounding the site and any water quality standards established 
for those surface waters; 

( wy)The existing quality of surface water, including other sources of contamination and their cumulative impact on surface water 
quality; 

( viii) The potential for tiealth risks caused by human exposure to constituents; 

( i x ) The potential damage to wildlife, crops, vegetation, and physical structures caused by exposure to constituents; and 

(X) The persistence and permanence of the potential adverse effects. 

(4) Point of compliance: The point of compliance is the location at which the groundwater concentration limits of paragraph (c)(3) of 
this section apply. The point of compliance is the intersection of a vertical plane with the uppermost aquifer underlying the site, 
located at the hydraulically downgradient limit of the disposal area plus the area taken up by any liner, dike, or other barrier 
designed to contain the residual radioactive material. 

(d) Each site on which disposal occurs shall be designed and stabilized in a manner that minimizes the need for future 
maintenance. 

[ 60^ | f t ^65 , Jan. 11, 1995] 

§192.03 Monitoring. 

Et^p. 

A groundwater monitoring plan shall be implemented, to be carried out over a period of time commencing upon completion of 
remedial actions taken to comply with the standards in §192.02, and of a duration which is adequate to demonstrate that future 
performance of the system of disposal can reasonably be expected to be in accordance with the design requirements of §192.02 
(c). This plan and the length of the monitoring period shall be modified to incorporate any corrective actions required under 
§192:04 or §192.12(0). 

[60FR2866, Jan. 11, 1995] 

§ 192.04 Corrective action. 

If the groundwater concentration limits established for disposal sites under provisions of §192.02(c) are found or projected to be 
exceeded, a corrective action program shall be placed into operation as soon as is practicable, and in no event later than eighteen 
(18) months after a finding of exceedance. This corrective action program will restore the performance of the system of disposal to 
the original concentration limits established under §192.02(c)(3), to the extent reasonably achievable, and, in any case, as a 
minimum shall: 

(a) Conform with the groundwater provisions of §192.02(c)(3), and 

(b) Clean up groundwater in conformance with subpart B, modified as appropriate to apply to the disposal site. 

[ 6 ( f l n 3 6 6 , Jan. 11, 1995] 6 ( | | ) P 6 

Table 1 to Subpart A of Part 192—Maximum Concentration of Constituents for 
Groundwater Protection 
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UjOB 

Constituent concentration^ 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
l\/lercury 
Selenium 
Silver 
Nitrate (as N) 
Molybdenum 
Combined radium-226 and radium-228 

Combined uranium-234 and uranium-238^ 

Gross alpha-particle activity (excluding radon and uranium) 

Endrin (1,2,3,4,10,10-hexachloro-6,7-exposy-1,4,4a,5,6,7,8,8a-
octahydro-1,4-endo,endo-5,8-dimethanonaphthalene) 
Lindane (1,2,3,4,5,6-hexachlorocyclohexane, gamma insomer) 
Methoxychlor (1,1,1-trichloro-2,2'-bis(p-methoxyphenylethane)) 
Toxaphene (C-jgH-iQCIg, technical chlorinated camphene, 67-69 

percent chlorine) 
2,4-D (2,4-diehlorophenoxyacetic acid) 
2,4,5-TP Silvex (2,4,5-trichlorophenoxypropionic acid) 

IVIaxImum 
0.05 
1.0 
0.01 
0.05 
0.05 
0.002 
0.01 
0.05 
10. 
0.1 
5 pCi/liter 
30 
pCi/liter 
15 
pCi/liter 
0.0002 

0.004 
0.1 
0.005 

0.1 
0.01 

^Milligrams per liter, unless stated othera/ise. 

^Where secular equilibrium obtains, this criterion will be satisfied by a concentration of 0.044 milligrams per liter (0.044 mg/l). For 
conditions of other than secular equilibrium, a corresponding value may be derived and applied, based on the measured site-
specific ratio of the two isotopes of uranium. 

[60 FR 2866, Jan. 11, 1995] 

Subpart B—Standards for Cleanup of Land and Buildings Contaminated with Residual 
Radioactive Materials from Inactive Uranium Processing Sites 

E^p 

§192.10 Applicability. 

This subpart applies to land and buildings that are part of any processing site designated by the Secretary of Energy under section 
102 of the Act. section 101 of the Act, states, in part, that "processing site" means— 

(a) Any site, including the mill, containing residual radioactive materials at which all or substantially all of the uranium was 
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produced for sale to any Federal agency prior to January 1, 1971, under a contract with any Federal agency, except in fhe case of 
a s i t s j l o r near Slick Rock, Colorado, unless— s i t e ^ o 

9 
)SuEn! 

(1) Such site was owned or controlled as of Januray 1, 1978, or is thereafter owned or controlled, by any Federal agency, or 

(2) A license (issued by the (Nuclear Regulatory) Commission or its predecessor agency under the Atomic Energy Act of 1954 or 
by a State as permitted under section 274 of such Act) for the production at site of any uranium or thorium product derived from 
ores is in effect on January 1, 1978, or is issued or renewed after such date; and 

(b) Any other real property or improvement thereon which— 

(1) Is in the vicinity of such site, and 

(2) Is determined by the Secretary, in consultation with the Commission, to be contaminated with residual radioactive materials 
derived from such site. 

§192.11 Definitions. 

E^ 
(a) Unless othenvise indicated in this subpart, all terms shall have the same meaning as defined in subpart A. 

(b) Land means any surface or subsurface land that is not part of a disposal site and is not covered by an occupiable building. 

(c) Working Level (WL) means any combination of short-lived radon decay products in one liter of air that will result in the ultimate 
emission of alpha particles with a total energy of 130 billion electron volts. 

(d) Soil means all unconsolidated materials normally found on or near the surface of the earth including, but not limited to, silts, 
clays, sands, gravel, and small rocks. 

fo )^J fc r< I ICQ oroL/ndwater means groundwater that is not a current or potential source of drinking water because (1) the 
concentration of totai dissolved solids is in excess of 10,000 mg/l, or (2) widespread, ambient contamination not due to activities 
invnlving residual rartinantive materials from a desicnated processing site exists that cannot'be cleaned up using fre'afmeht 
mettiods reasonably employed in public water systems, or (3) the quantity of water reasonably available for sustained continuous 
u.sa i.s less ttian 150 gallons per day. The parameters for determining the quantity of water reasonably available shall be 
determined by the Secretary with the concurrence of the Commission. 

[48 FR 602, Jan. 5, 1983, as amended at 60 FR 2866, Jan. 11, 1995] 

§192.12 Standards. 

E.P. 
Remedial actions shall be conducted so as to provide reasonable assurance that, as a result of residual radioactive materials from 
any designated processing site: 

(a) The concentration of radium-226 in land averaged over any area of 100 square meters shall not exceed the background level 
by more than— 

(1) 5 pCi/g, averaged over the first 15 cm of soil below the surface, and 

(2) 15 pCi/g, averaged over 15 cm thick layers of soil more than 15 cm below the surface. 

(b) In any occupied or habitable building— 

(1) The objective of remedial action shall be, and reasonable effort shall be made to achieve, an annual average (or equivalent) 
radon decay product concentration (including background) not to exceed 0.02 WL. In any case, the radon decay product 
concentration (including background) shall not exceed 0.03 WL, and 

(2 ) ^p feve l of gamma radiation shall not exceed the background level by more than 20 microroentgens per hour. 

(c) The Secretary shall comply with conditions specified in a plan for remedial action which provides that contamination of 
groundwater by listed constituents from residual radioactive material at any designated processing site (§192.01 (1)) shall be 
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brought into compliance as promptly as is reasonably achievable with the provisions of §192.02(c)(3) or any supplemental 
standards established under §192.22. For the purposes of this subpart: 

(1) A monitoring program shall be carried out that is adequate to define backgroundwater quality and the areal extent and 
magnitude of groundwater contamination by listed constituents from residual radioactive materials (§192.02(c)(1)) and to monitor 
compliance with this subpart. The Secretary shall determine which of the constituents listed in Appendix I to part 192 are present in 
or could reasonably be derived from residual radioactive material at the site, and concentration limits shall be established in 
accordance with §192.02(c)(3). 

(2) (i) If the Secretary determines that sole reliance on active remedial procedures is not appropriate and that cleanup of the 
groundwater can be more reasonably accomplished in full or in part through natural flushing, then the period for remedial 
procedures may be extended. Such an extended period may extend to a term not to exceed 100 years if: 

(A) The concentration limits established under this subpart are projected to be satisfied at the end of this extended period, 

(B) Institutional control, having a high degree of permanence and which will effectively protect public health and the environment 
and satisfy beneficial uses of groundwater during the extended period and which is enforceable by the administrative or judicial 
branches of government entities, is instituted and maintained, as part of the remedial action, at the processing site and wherever 
contamination by listed constituents from residual radioactive materials is found in groundwater, or is projected to be found, and 

(C) The groundwater is mot currently and is not now projected to become a source for a public water system subject to provisions 
of the Safe Drinking Water Act during the extended period. 

(ii) Remedial actions on groundwater conducted under this subpart may occur before or after actions under Section 104(f)(2) of the 
Act are initiated. 

(3) Compliance with this subpart shall be demonstrated through the monitoring program established under paragraph (c)(1) of this 
section at those locations not beneath a disposal site and its cover where groundwater contains listed constituents from residual 
radioactive material. 

(48 FR 602, Jan. 5, 1983, as amended at 60 FR 2867, Jan. 11, 1995] 

Subpart C—Implementation 

E, J top 

§ 192.20 Guidance for implementation. 

E hop 

Section 108 of the Act requires the Secretary of Energy to select and perform remedial actions with the concurrence of the Nuclear 
Regulatory Commission and the full participation of any State that pays part of the cost, and in consultation, as appropriate, with 
affected Indian Tribes and the Secretary of the Interior. These parties, in their respective roles under section 108, are referred to 
hereafter as "the implementing agencies." The implementing agencies shall establish methods and procedures to provide 
"reasonable assurance" that the provisions of Subparts A and B are satisfied. This should be done as appropriate through use of 
analytic models and site-specific analyses, in the case of Subpart A, and for Subpart B through measurements performed within 
the accuracy of currently available types of field and laboratory instruments in conjunction with reasonable sun/ey and sampling 
procedures. These methods and procedures may be varied to suit conditions at specific sites. In particular: 

(a)(1) The purpose of Subpart A is to provide for long-term stabilization and isolation in orderto inhibit misuse and spreading of 
residual radioactive materials, control releases of radon to air, and protect water. Subpart A may be implemented through analysis 
of the physical properties of the site and the control system and projection of the effects of natural processes over time. Events 
and processes that could significantly affect the average radon release rate from the entire disposal site should be considered. 
Phenomena that are localized or temporary, such as local cracking or burrowing of rodents, need to be taken into account only if 
their cumulative effect would be significant in determining compliance with the standard. Computational models, theories, and 
prevalent expert judgment may be used to decide that a control system design will satisfy the standard. The numerical range 
provided in the standard for the longevity of the effectiveness of the control of residual radioactive materials allows for 
consideration of the various factors affecting the longevity of control and stabilization methods and their costs. These factors have 
different levels of predictability and may vary for the different sites. 

(2) Protection of water should be considered on a case-specific basis, drawing on hydrological and geochemical sun/eys and all 
other relevant data. The hydrologic and geologic assessment to be conducted at each site should include a monitoring program 
sufficient to establish background groundwater quality through one or more upgradient or other appropriately located wells. The 
groundwater monitoring list in Appendix IX of part 264 of this chapter (plus the additional constituents in Table A of this paragraph) 
may be used for screening purposes in place of Appendix I of part 192 in the monitoring program. New depository sites for tailings 
that contain water at greater than the level of "specific retention" should use aliner or equivalent. In considering design objectives 
for groundwater protection, the implementing agencies should give priority to concentration levels in the order listed under §192.02 
(o)(3)(i). When considering the potential for health risks caused by human exposure to known or suspected carcinogens, alternate 
concentration limits pursuant to paragraph 192.02(c)(3)(ii) should be established at concentration levels which represent an excess 
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lifetime risk, at a point of exposure, to an average individual no greater than between 10"''and 10 ^. 

Table A to §ig2.20(a)(2)—Additional Listed Constituents 

Nitrate (as N) 
Molybdenum 
Combined radium-226 and radium-228 
Combined uranium-234 and uranium-238 
Gross alpha-particle activity (excluding radon and uranium) 

(3) The plan for remedial action, concurred in by the Commission, will specify how applicable requirements of subpart A are to be 
satisfied. The plan should include the schedule and steps necessary to complete disposal operations at the site. It should include 
an estimate of the inventory of wastes to be disposed of in the pile and their listed constituents and address any need to eliminate 
free liquids; stabilization of the wastes to a bearing capacity sufficient to support the final cover; and the design and engineering 
specifications for a cover to manage the migration of liquids through the stabilized pile, function without maintenance, promote 
drainage and minimize erosion or abrasion of the cover, and accommodate settling and subsidence so that cover integrity is 
maintained. Evaluation of proposed designs to conform to subpart A should be based on realistic technical judgments and include 
use df available empirical information. The consideration of possible failure modes and related corrective actions should be limited 
to reasonable failure assumptions, with a demonstration that the disposal design is generally amenable to a range of corrective 
actions. 

(4) The groundwater monitoring list in Appendix IX of part 264 of this chapter (plus the additional constituents in Table A in 
paragraph (a)(2) of this section) may be used for screening purposes in place of Appendix i of part 192 in monitoring programs. 
The monitoring plan required under §192.03 should be designed to include verification of site-specific assumptions used to project 
the performance of the disposal system. Prevention of contamination of groundwater may be assessed by indirect methods, such 
as measuring the migration of moisture in the various components of the cover, the tailings, and the area between the tailings and 
the nearest aquifer, as well as by direct monitoring of groundwater. In the case of vicinity properties (§192.01(l)(2)), such 
assessments may not be necessary, as determined by the Secretary, with the concurrence of the Commission, considering such 
factors as local geology and the amount of contamination present. Temporary excursions from applicable limits of groundwater 
coricMtrations that are attributable to a disposal operation itself shall not constitute a basis for considering corrective action under 
§1 s i k l u r i n g the disposal period, unless the disposal operation is suspended prior to completion for other than seasonal 

(b)(1) Compliance with §192.12(a) and (b) of subpart B, to the extent practical, should be demonstrated through radiation sun/eys. 
Such surveys may, if appropriate, be restricted to locations likely to contain residual radioactive materials. These sun/eys should 
be designed to provide for compliance averaged over limited areas rather than point-by-point compliance with the standards. In 
most cases, measurement of gamma radiation exposure rates above and below the land surface can be used to show compliance 
with §192.12(a). Protocols for making such measurements should be based on realistic radium distributions near the surface 
rather than extremes rarely encountered. 

(2) In §192.12(a), "background level" refers to the native radium concentration in soil. Since this may not be determinable in the 
presence of contamination by residual radioactive materials, a surrogate "background level" may be established by simple direct or 
indirect (e.g., gamma radiation) measurements performed nearby but outside of the contaminated location. 

(3) Compliance with §192.12(b) may be demonstrated by methods that the Department of Energy has approved for use under 
Pub. :L. 92-314 (10 CFR part 712), or by other methods that the implementing agencies determine are adequate. Residual 
radioactive materials should be removed from buildings exceeding 0.03 WL so that future replacement buildings will not pose a 
hazard [unless removal is not practical—see §192.21(c)]. However, sealants, filtration, and ventilation devices may provide 
reasonable assurance of reductions from 0.03 WL to below 0.02 WL. In unusual cases, indoor radiation may exceed the levels 
specified in §192.12(b) due to sources other than residual radioactive materials. Remedial actions are not required in orderto 
comply with the standard when there is reasonable assurance that residual radioactive materials are not the cause of such an 
excess. 

(4) The plan(s) for remedial action will specify how applicable requirements of subpart B would be satisfied. The plan should 
include the schedule and steps necessary to complete the cleanup of groundwater at the site. It should document the extent of 
contamination due to releases prior to final disposal, including the identification and location of listed constituents and the rate and 
direction of movement of contaminated groundwater, based upon the monitoring carried out under §192.12(c)(1). In addition, the 
assessment should consider future plume movement, including an evaluation of such processes as attenuation and dilution and 
future contamination from beneath a disposal site. Monitoring for assessment and compliance purposes should be sufficient to 
establish the extent and magnitude of contamination, with reasonable assurance, through use of a carefully chosen minimal 
number of sampling locations. Ttie location and number of monitoring wells, the frequency and duration of monitoring, and the 
selection of indicator analytes for long-term groundwater monitoring, and, more generally, the design and operation of the 
monitoring system, will depend on the potential for risk to receptors and upon other factors, including characteristics of the 
subsurface environment, such as velocity of groundwater flow, contaminant retardation, time of groundwater or contaminant transit 
to re^ptors, results of statistical evaluations of data trends, and modeling of the dynamics of the groundwater system. All of these 
fa<j«B|hould be incorporated into the design of a site-specific monitoring program that will achieve the purpose of the regulations 
in fl^flbpart in the most cost-effective manner. In the case of vicinity properties (§192.01 (l)(2)), such assessments will usually 
not be necessary. The Secretary, with the concurrence of the Commission, may consider such factors as local geology and 
amount of contamination present in determining criteria to decide when such assessments are needed. In cases where §192.12(c) 
(2) is. invoked, the plan should include a monitoring program sufficient to verify projections of plume movement and attenuation 
periodically during the extended cleanup period. Finally, the plan should specify details of the method to be used for cleanup of 
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groundwater. 

[48 FR 602, Jan. 5,1983, as amended at 60 FR 2867, Jan. 11, 1995] 

§ 192.21 Criteria for applying supplemental standards. 

E^ 
Unless othenwise indicated in this subpart, all terms shall have the same meaning as defined in Title I of the Act or in subparts A 
and B. The implementirig agencies may (and in the case of paragraph (h) of this section shall) apply standards under §192.22 in 
lieu of the standards of subparts A or B if they determine that any of the following circumstances exists: 

(a) Remedial actions required to satisfy subpart A or B wpuld pose a clear and present risk of injury to workers or to members of 
the public, notwithstanding reasonable measures to avoid or reduce risk. 

(b) Remedial actions to satisfy the cleanup standards for land, §192.12(a), and groundwater, §192.12(c), or the acquisition of 
minimum materials required for control to satisfy §§192.02(b) and (c), would, notwithstanding reasonable measures to limit 
damage, directly produce health and environmental harm that is clearly excessive compared to the health and environmental 
benefits, now or in the future. A clear excess of health and environmental harm is harm that is long-term, manifest, and grossly 
disproportionate to health and environmental benefits that may reasonably be anticipated. 

(c) The estimated cost of remedial action to satisfy §192.12(a) at a "vicinity" site (described under section 101(6)(B) of the Act) is 
unreasonably high relative to the long-term benefits, and the residual radioactive materials do not pose a clear present or future 
hazard. The likelihood that buildings will be erected or that people will spend long periods of time at such a vicinity site should be 
considered in evaluating this hazard. Remedial action will generally not be necessary where residual radioactive materials have 
been placed semi-permanently in a location where site-specific factors limit their hazard and from which they are costly or difficult 
to remove, or where only minor quantities of residual radioactive materials are involved. Examples are residual radioactive 
materials under hard surface public roads and sidewalks, around public sewer lines, or in fence post foundations. Supplemental 
standards should not be applied at such sites, however, if individuals are likely to be exposed for long periods of time to radiation 
from such materials at levels above those that would prevail under §192.12(a). 

(d) The cost of a remedial action for cleanup of a building under §192.12(b) is clearly unreasonably high relative to the benefits. 
Factors that should be included in this judgment are the anticipated period of occupancy, the incremental radiation level that would 
be affected by the remedial action, the residual useful lifetime of the building, the potential for future construction at the site, and 
the applicability of less costly remedial methods than removal of residual radioactive materials. 

(e) There is no known remedial action. 

(f) The restoration of groundwater quality at any designated processing site under §192.12(c) is technically impracticable from an 
engineering perspective. 

(g) The groundwater meets the criteria of §192.11(e). 

(h) Radionuclides other than radium-226 and its decay products are present in sufficient quantity and concentration to constitute a 
significant radiation hazard from residual radioactive materials. 

[48 FR 602, Jan. 5, 1983, as amended at 60 FR 2868, Jan. 11, 1995] 

§192.22 Supplemental standards. 

I top 

Federal agencies implementing subparts A and B may in lieu thereof proceed pursuant to this section with respect to generic or 
individual situations meeting the eligibility requirements of §192.21. 

(a) When one or more of the criteria of §192.21 (a) through (g) applies, the Secretary shall select and perform that alternative 
remedial action that comes as close to meeting the othenwise applicable standard under §192.02(c)(3) as is reasonably 
achievable. 

(b) When §192.21(h) applies, remedial actions shall reduce other residual radioactivity to levels that are as low as is reasonably 
achievable and conform to the standards of subparts A and B to the maximum extent practicable. 

(c) The implementing agencies may make general determinations concerning remedial actions under this section that will apply to 
all locations with specified characteristics, or they may make a determination for a specific location. When remedial actions are 
proposed under this section for a specific location, the Department of Energy shall inform any private owners and occupants of the 
affected location and solicit their comments. The Department of Energy shall provide any such comments to the other 
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implementing agencies. The Department of Energy shall also periodically inform the Environmental Protection Agency of both 
genoj^^nd individual determinations under the provisions of this section. 3nQ|gl.an 

# 
)When( 

(d) when §192.21(b), (f), or (g) apply, implementing agencies shall apply any remedial actions for the restoration of contamination 
of groundwater by residual radioactive materials that is required to assure, at a minimum, protection of human health and the 
environment. In addition, when §192.21(g) applies, supplemental standards shall ensure that current and reasonably projected 
uses of the affected groundwater are preserved. 

[48 FR 602, Jan. 5, 1983, as amended at 60 FR 2868, Jan. 11, 1995] 

§192.23 Effective date. 

E t.p. 

Subparts A, B, and C shall be effective March 7,1983. 

Subpart D—Standards for Management of Uranium Byproduct Materials Pursuant to 
Section 84 of the Atomic Energy Act of 1954, as Amended 

U Ijop 

Source: 48 FR 45946, Oct. 7, 1983, unless otherwise noted. 

§192.30 Applicability. 

E^p 

h^Plia T h m i p a r t applies to the management of uranium byproduct materials under section 84 of the Atomic Energy Act of 1954 
(henceforth designated "the Act"), as amended, during and following processing of uranium ores, and to restoration of disposal 
sites following any use of such sites under section 83(b)(1)(B) of the Act. 

§ 192.31 Definitions and cross-references. 

Ei.p. 

References in this subpart to other parts of the Code of Federal Regulations are to those parts as codified on January 1, 1983. 

(a) Unless othenwise indicated in this subpart, all terms shall have the same meaning as in Title li of the Uranium Mill Tailings 
Rediation Control Act of 1978, subparts A and B of this part, or parts 190, 260, 261, and 264 of this chapter. For the purposes of 
this subpart, the terms "waste," "hazardous waste," and related terms, as used in parts 260, 261, and 264 of this chapter shall 
apply to byproduct material. 

(b) Uranium byproduct material means the tailings or wastes produced by the extraction or concentration of uranium from any ore 
processed primarily for its source material content. Ore bodies depleted by uranium solution extraction operations and which 
remain underground do not constitute "byproduct material" for the purpose of this subpart. 

(c) Con/ro/means any action to stabilize, inhibit future misuse of, or reduce emissions or effluents from uranium byproduct 
materials. 

(d) Licensed site means the area contained within the boundary of a location under the control of persons generating or storing 
uranium byproduct materials under a license issued pursuant to section 84 of the Act. For purposes of this subpart, "licensed site" 
is equivalent to "regulated unit" in subpart F of part 264 of this chapter. 

(e) Disposal site means a site selected pursuant to section 83 of the Act. 

(f) Qi tKsa l area means the region within the perimeter of an impoundment or pile containing uranium by product materials to 
w h f l l k post-closure requirements of §192.32(b)(1) of this subpart apply. 

(g) Regulatory agency means the U.S. Nuclear Regulatory Commission. 
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(h) Closure period means the period of time beginning with the cessation, with respect to a waste impoundment, of uranium ore 
processing operations and ending with completion of requirements specified under a closure plan. 

.(i) C/osure p/an means the plan required under §264.112 of this chapter. 

0) Existing portion means that land surface area of an existing surface impoundment on which significant quantities of uranium 
byproduct materials have been placed prior to promulgation of this standard. 

(k) As expeditiously as practicable considering technological feasibility means as quickly as possible considering: the physical 
characteristics of the tailings and the site; the limits of available technology; the need for consistency with mandatory requirements 
of other regulatory programs; and factors beyond the control of the licensee. The phrase permits consideration of the cost of 
compliance only to the extent specifically provided for by use of the term "available technology." 

(I) Permanent Radon Barrier means the final radon barrier constructed to achieve compliance with, including attainment of, the 
limit on releases of radon-222 in §192.32(b)(1)(ii). 

(m) Available tectinology means technologies and methods for emplacing a permanent radon barrier on uranium mill tailings piles 
or impoundments. This term shall not be construed to include extraordinary measures or techniques that would impose costs that 
are grossly excessive as measured by practice within the industry or one that is reasonably analogous, (such as, by way of 
illustration only, unreasonable overtime, staffing or transportation requirements, etc., considering normal practice in the industry; 
laser fusion, of soils, etc.), provided there is reasonable progress toward emplacement of a permanent radon barrier. To determine 
grossly excessive costs, the relevant baseline against which cost increases shall be compared is the cost estimate for tailings 
impoundment closure contained in the licensee's tailings closure plan, but costs beyond such estimates shall not automatically be 
considered grossly excessive. 

(n) Tailings Closure Plan (Radon) means the Nuclear Regulatory Commission or Agreement State approved plan detailing 
activities to accomplish timely emplacement of a permanent radon barrier. A tailings closure plan shall include a schedule for key 
radon closure milestone activities such as wind blown tailings retrieval and placement on the pile, interim stabilization (including 
dewatering or the removal of freestanding liquids and recontouring), and emplacement of a permanent radon barrier constructed to 
achieve compliance with the 20 pCi/m^ -s flux standard as expeditiously as practicable considering technological feasibility 
(including factors beyond the control of the licensee). 

(o) Factors beyond ttie control ofthe licensee means factors proximately causing delay in meeting the schedule in the applicable 
license for timely emplacement of the permanent radon barrier notwithstanding the good faith efforts of the licensee to achieve 
compliance. These factors may include, but are not limited to, physical conditions at the site; inclement weather or climatic 
conditions; an act of God; an act of war; a judicial or administrative order or decision, or change to the statutory, regulatory, or 
other legal requirements applicable to the licensee's facility that would preclude or delay the performance of activities required for 
compliarice; labor disturbances; any modifications, cessation or delay ordered by state, Federal or local agencies; delays beyond 
the time reasonably required in obtaining necessary governmental permits, licenses, approvals or consent for activities described 
in the tailings closure plan (radon) proposed by the licensee that result from agency failure to take final action after the licensee 
has made a good faith, timely effort to submit legally sufficient applications, responses to requests (including relevant data 
requested by the agencies), or other information, including approval of the tailings closure plan by NRC or the affected Agreement 
State; and an act or omission of any third party over whom the licensee has no control. 

(p) Operational means that a uranium mill tailings pile or impoundment is being used for the continued placement of uranium 
byproduct material or is in standby status for such placement. A tailings pile or impoundment is operational from the day that 
uranium byproduct material is first placed in the pile or impoundment until the day final closure begins. 

(q) fvlilestone means an enforceable date by which action, or the occurrence of an event, is required for purposes of achieving 
compliance with the 20 pCi/m^ -s flux standard. 

[48 FR 45946, Oct. 7, 1983, as amended at 58 FR 60355, Nov. 15, 1993] 

§192.32 Standards. 

m IJOE 

(a) Standards for application during processing operations and prior to the end of the closure period. (1) Surface impoundments 
(except for an existing portion) subject to this subpart must be designed, constructed, and installed in such manner as to conform 
to the requirements of §264.221 of this chapter, except that at sites where the annual precipitation falling on the impoundment and 
any drainage area contributing surface runoff to the impoundment is less than the annual evaporation from the impoundment, the 
requirements of §264.228(a)(2) (iii)(E) referenced in §264.221 do not apply. 

(2) Uranium byproduct materials shall be managed so as to conform to the ground water protection standard in §264.92 of this 
chapter, except that for the purposes of this subpart: 

(i) To the list of hazardous constituents referenced in §264.93 of this chapter are added the chemical elements molybdenum and 
uranium, 
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(ii) To the concentration limits provided in Table 1 ot §264.94 of this chapter are added the radioactivity limits in Table A of this 
subB 9 
(ill) Detection monitoring programs required under §264.98 to establish the standards required under §264.92 shall be completed 
within one (1) year of promulgation, 

(iv) The regulatory agency may establish alternate concentration limits (to be satisfied at the point of compliance specified under' 
§264:95) under the criteria of §264.94(b), provided that, after considering practicable corrective actions, these limits are as low as 
reasonably achievable,, and that, in any case, the standards of §264.94(a) are satisfied at all points at a greater distance than 500 
meters from the edge of the disposal area and/or outside the site boundary, and 

(v) The functions and responsibilities designated in Part 264 of this chapter as those of the "Regional Administrator" with respect to 
"facility permits" shall be carried out by the regulatory agency, except that exemptions of hazardous constituents under §264.93 (b) 
and (c) of this chapter and alternate concentration limits established under §264.94 (b) and (c) of this chapter (except as othenwise 
provided in §192.32(a)(2)(iv)) shall not be effective until EPA has concurred therein. 

(3)(i); Uranium mill tailings piles or impoundments that are nonoperational and subject to a license by the Nuclear Regulatory 
Commission or an Agreement State shall limit releases of radon-222 by emplacing a permanent radon barrier. This permanent 
radori barrier shall be constructed as expeditiously as practicable considering technological feasibility (including factors beyond the 
control of the licensee) after the pile or impoundment ceases to be operational. Such control shall be carried out in accordance 
with a written tailings closure plan (radon) to be incorporated by the Nuclear Regulatory Commission or Agreement State into 
individual site licenses. 

(ii) The Nuclear Regulatory Commission or Agreement State may approve a licensee's request to extend the time for performance 
of milestones if, after providing an opportunity for public participation, the Nuclear Regulatory Commission or Agreement State 
finds that compliance with the 20 pCi/m^ -s flux standard has been demonstrated using a method approved by the NRC, in the 
manner required in 192.32(a)(4)(i). Only under these circumstances and during the period of the extension must compliance with 
the 20 pCi/m^ - s flux standard be demonstrated each year. 

(iii) The Nuclear Regulatory Commission or Agreement State may extend the final compliance date for emplacement of the 
permanent radon barrier, or relevant milestone, based upon cost if the new date is established after a finding by the Nuclear 
Regulatory Commission or Agreement State, after providing an opportunity for public participation, that the licensee is making 
good faith efforts to emplace a permanent radon barrier; the delay is consistent with the definition of "available technology" in 
§192^1(m); and the delay will not result in radon releases that are determined to result in significant incremental risk to the public 
hea 9 
(iv) The Nuclear Regulatory Commission or Agreement State may, in response to a request from a licensee, authorize by license 
or license amendment a portion of the site to remain accessible during the closure process to accept uranium byproduct material 
as defined in section 11 (e)(2) of the Atomic Energy Act, 42 U.S.C. 2014(e)(2), or to accept materials similar to the physical, 
chemical and radiological characteristics of the in situ uranium mill tailings and associated wastes, from other sources. No such 
authorization may be used as a means for delaying or otherwise impeding emplacement of the permanent radon barrier over the 
remainder of the pile or impoundment in a manner that will achieve compliance with the 20 pCi/m^ -s flux standard, averaged over 
the entire pile or impoundment. 

(v) The Nuclear Regulatory Commission or Agreement State may, in response to a request from a licensee, authorize by license or 
license amendment a portion of a pile or impoundment to remain accessible after emplacement of a permanent radon barrier to 
accept uranium byproduct material as defined in section 11(e)(2) of the Atomic Energy Act, 42 U.S.C. 2014(e)(2), if compliance 
with the 20 pCi/m^ -s flux standard of §192.32(b)(1)(ii) is demonstrated by the licensee's monitoring conducted in a manner 
consistent with §192.32(a)(4)(i). Such authorization may be provided only if the Nuclear Regulatory Commission or Agreement 
State makes a finding, constituting final agency action and after providing an opportunity for public participation, that the site will 
continue to achieve the 20 pCi/m2-s flux standard when averaged over the entire impoundment. 

(4)(i) Upon emplacement of the permanent radon barrier pursuant to 40 CFR 192.32(a)(3), the licensee shall conduct appropriate 
monitoring and analysis of the radon-222 releases to demonstrate that the design of the permanent radon barrier is effective in 
limiting releases of radon-222 to a level not exceeding 20 pCi/m^ -s as required by 40 CFR 192.32(b)(1)(ii). This monitoring shall 
be conducted using the procedures described in 40 CFR part 61, Appendix B, Method 115, or any other measurement method 
proposed by a licensee that the Nuclear Regulatory Commission or Agreement State approves as being at least as effective as 
EPA Method 115 in demonstrating the effectiveness of the permanent radon barrier in achieving compliance with the 20 pCi/m^ - s 
flux standard. 

(ii) When phased emplacement of the permanent radon barrier is included in the applicable tailings closure plan (radon), then 
radon flux monitoring required under §192.32(a)(4)(i) shall be conducted, however the licensee shall be allowed to conduct such 
monitoring for each portion of the pile or impoundment on which the radon barrier has been emplaced by conducting flux 
monitoring on the closed.portion. 

(5) Uranium byproduct materials shall be managed so as to conform to the provisions of: 

(i) • I | p 0 of this chapter, "Environmental Radiation Protection Standards for Nuclear Power Operations" and 
# " 

(ii) Part 440 of this chapter, "Ore Mining and Dressing Point Source Category: Effluent Limitations Guidelines and New Source 
Performance Standards, Subpart C, Uranium, Radium, and Vanadium Ores Subcategory." 

http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&sid=22292fba49cf5571b24ceccab5bf397b&rgn=div5&... 5/15/2008 
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(6) The regulatory agency, in conformity with Federal Radiation Protection Guidance (FR, May 18, 1960, pgs. 4402-4403), shall 
make every effort to maintain radiation doses from radon emissions from surface impoundments of uranium byproduct materials as 
far below the Federal Radiation Protection Guides as is practicable at each licensed site. 

(b) Standards for application after the closure period. At the end of the closure period: 

(1) Disposal areas shall each comply with the closure performance standard in §264.111 of this chapter with respect to 
nonradiological hazards and shall be designed^ to provide reasonable assurance of control of radiological hazards to 

^ The Standard applies to design with a monitoring requirement as specified in §192.32(a)(4). 

(i) Be effective for one thousand years, to the extent reasonably achievable, and, in any case, for at least 200 years, and, 

(ii) Limit releases of radon-222 from uranium byproduct materials to the atmosphere so as to not exceed an average^ release rate 
of 20 picocuries per square meter per second (pCi/m2s). 

2 This average shall apply to the entire surface of each disposal area over periods of at least 
one year, but short compared to 100 years. Radon will come from both uranium byproduct 
materials and from covering materials. Radon emissions from covering materials should be 
estimated as part of developing a closure plan for each site. The standard, however, applies 
only to emissions from uranium byproduct materials to the atmosphere. 

(2) The requirements of §192.32(b)(1) shall not apply to any portion of a licensed and/or disposal site which contains a 
concentration of radium-226 in land, averaged over areas of 100 square meters, which, as a result of uranium byproduct material, 
does not exceed the background level by more than: 

(i) 5 picocuries per gram (pCi/g), averaged over the first 15 centimeters (cm) below the surface, and 

(ii) 15 pCi/g, averaged over 15 cm thick layers more than 15 cm below the surface. 

[48 FR 45946, Oct. 7, 1983, as amended at 58 FR 60355-60356, Nov. 15, 1993] 

§ 192.33 Corrective action programs. 

m hop 

If the ground water standards established under provisions of §192.32(a)(2) are exceeded at any licensed site, a corrective action 
program as specified ih §264.100 of this chapter shall be put into operation as soon as is practicable, and in no event later than 
eighteen (18) months after a finding of exceedance. 

§192.34 Effective date. 

Ejgp 

Subpart D shall be effective December 6, 1983. 

Table A to Subpart D of Part 192 

Combined radium-226 and radium-228 
Gross alpha-particle activity (excluding radon and uranium) 

pCi/liter 
5 

15 

Subpart E—Standards for Management of Thorium Byproduct Materials Pursuant to 
Section 84 of the Atomic Energy Act of 1954, as Amended 
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% 

Source: 48 FR 45947, Oct. 7, 1983, unless otherwise noted. 

§192.40 Applicability. 

liL 
This subpart applies to the management of thorium byproduct materials under section 84 of the Atomic Energy Act of 1954, as 
amended, during and following processing of thorium ores, and to restoration of disposal sites following any use of such sites 
under section 83(b)(1 )(B) of the Act. 

§192.41 Provisions. ^ 

EM 

Except as othenwise noted in §192.41(e), the provisions of subpart Dot this part, including §§192.31, 192.32, and 192.33, shall 
apply to thorium byproduct material and: 

(a) Provisions applicable to the element uranium shall also apply to the element thorium; 

(b) Provisions applicable to radon-222 shall also apply to radon-220; and _ 

(c) Provisions applicable to radium-226 shall also apply to radium-228. 

(d) Operations covered under §192.32(a) shall be conducted in such a manner as to provide reasonable assurance that the annual 
dosflj«fluivalent does not exceed 25 millirems to the whole body, 75 millirems to the thyroid, and 25 millirems to any other organ of 
a n S l k b e r of the public as a result of exposures to the planned discharge of radioactive materials, radon-220 and its daughters 
e x ^ l p K l , to the general environment. 

(e) The provisions of §192.32(a) (3) and (4) do not apply to the management of thorium byproduct material. 

[48 FR 45946, Oct. 7, 1983, as amended at 58 FR 60356, Nov. 15, 1993] 

§192.42 Substitute provisions. 

Ej^ 

The regulatory agency may, with the concurrence of EPA, substitute for any provisions of §192.41 of this subpart alternative 
provisions it deems more practical that will provide at least an equivalent level of protection for human health and the environment. 

§192.43 Effective date. 

EJ^. 

Subpart E shall be effective December 6, 1983. 

Appendix I to Part 192—Listed Constituents 

Eisp_ 

Acetflnitrile 

Acetophenone (Ethanone, 1-phenyl) 

2-Acetylaminofluorene (Acetamide, N-9H-fluoren-2-yl-) 
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Acetyl chloride 

1-Acetyl-2-thiourea (Acetamide, N-(aminothioxymethyl)-) 

Acrolein (2-Propenal) 

Acrylamide (2-Propenamide) 

Acrylonitrile (2-Propenenitrile) 

Aflatoxins 

Aldicarb (Propenal, 2-methyl-2-(methylthio)-,0-[(methylamino)carbonyl]oxime 

Aldrin (1,4:5,8-Dimethanonaphthalene, 1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexahydro(1a,4a,4ap,5a,8a,8ap)-) 

Allyl alcohol (2-Propen-1-ol) 

Allyl chloride (1-Propane,3-chlorp) 

Aluminum phosphide 

4-Aminobiphenyl ([1,1 '-Biphenyl]-4-amine) 

5-(Aminomethyl)-3-isoxazolol (3(2H)-lsoxazolone,5-(aminomethyl)-) 

4-Aminopyridine (4-Pyridineamine) 

Amitrole (IH-1,2,4-Triazol-3-amine) 

Ammonium vanadate (Vanadic acid, ammonium salt) 

Aniline (Benzenamine) 

Antimony and compounds, N.O.S.^ 

'' The abbreviation N.O.S. (not otherwise specified) signifies those members of the general 
class not specifically listed by name in this appendix. 

Aramite (Sulfurous acid; 2-chloroethyl 2-[4-(1,1-dimethylethyl)phenoxy]-1-methylethyl ester) 

Arsenic and compounds, N.O.S. 

Arsenic acid (Arsenic acid HgAsO^) 

Arsenic pentoxide (Arsenic oxide ASjOj) 

Auramine (Benzamine, 4,4'-carbonimidoylbis[N,N-dimethyl-]) 

Azaserine (L-Serine, diazoacetate (ester)) 

Barium and compounds, N.O.S. 

Barium cyanide 

Benz[c]acridine (3,4-Benzacridine) 

Benz[a]anthracene (1,2-Benzanthracene) 
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SUPPLEMENTAL TECHNICAL EVALUATION REPORT 
TITLE I GROUND-WATER REMEDIATION 

DATE: July 13, 1998 

FACILITY: Ambrosia Lake, New Mexico, Title I Site 

PROJECT MANAGER: Kenneth Hooks 

TECHNICAL REVIEWER: William Ford 

BACKGROUND: 

The U.S. Department of Energy (DOE) submitted a Final Remedial Action Plan and Site 
Conceptual Design for Stabilization ofthe Inactive Uranium Mil! tailings at Ambrosia Lake, New 
Mexico, by letter dated September 30, 1990. The NRC staff reviewed the remedial action plan 
and conditionally concurred on the proposed remedial action in its Technical Evaluation Report 
(TER) transmitted on December 31,1990. 

In the TER, the NRC staff concurred with the application of supplemental standards at the 
Ambrosia Lake disposal site under 40 CFR 192, Subpart C. The staff concluded that, "DOE 
has adequately justified that the proposed supplemental standards are protective of human 
health and the environment." The classification of the ground water as Class III (i.e., the 
ground water that is not a current or potential source of drinking water) leads to a ground-water 
compliance strategy of no remediation. Furthermore, in the TER the NRC staff concurred with 
the DOE that this site should be exempted from both compliance and performance 
ground-water monitoring requirements. 

This Supplemental Technical Evaluation Report documents the NRC staff review of DOE's 
Ground Water Compliance Action Plan for the Ambrosia Lake, New Mexico, site, which was 
transmitted by letter dated June 1, 1998, and confirms the staff concurrence documented in its 
December, 1990, Technical Evaluation Report. 

SUMMARY AND CONCLUSIONS: 

Staff has determined that the DOE's Ground Water Compliance Actiop Plan satisfies the 
requirements set forth in the Uranium Mill Tailings Radiation Control Act of 1978, as amended 
(UMTRCA), and the standards in 40 CFR 192, Subparts B and C, for the cleanup of ground
water contamination resulting from the processing of ores for the extraction of uranium. No 
modifications to the DOE's Long Term Surveillance Plan are required by this action. 

9 Enclosure 
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DESCRIPTION OF DOE'S REQUEST: 

DOE submitted information in support of its earlier decision that ground-water restoration and 
long-term nionitoring activities were not required at the Ambrosia Lake site. 

TECHNICAL EVALUATION: 

The NRC staff concurs with the DOE conclusions that the uppermost aquifer at the Ambrosia 
Lake site does not represent a ground-water resource because of the limited extent of 
saturation and the inability to consistently sustain a yield of 150 gallons (570 liters per day to 
wells. In addition, the uppermost aquifer is expected to return to its premilling and mining 
condition of little-to-no saturation, further eliminating the unit as a potential future ground-water 
resource. This is because the major sources of recharge, water disposal and infiltration, and 
water from mine pumping, no longer exist. Ground water does not discharge to the land 
surface and the nearest surface water is located approximately 1.5 mi (2.4 Km) southwest of 
the site. Land use in the future is not expected to change. Therefore, no current exposure 
pathways due to ground-water contamination to humans, livestock, or wildlife exist, nor are any 
foreseen. The DOE has further determined that a program to monitor ground water is not 
required for the Ambrosia Lake site because ground water in the uppermost aquifer is of 
limited use. 

The NRC staff concurs with the decision that ground-water restoration should not be conducted 
and that long-term ground-water monitoring is not required at this site. The staff also concludes 
that the approach described in the Ground Water Compliance Action Plan is consistent with 
requirements in the regulations and DOE's Programmatic Environmental Impact Statement. 
Therefore, the NRC staff concurs with the DOE ground water reclamation plan for the Ambrosia 
Lake site. 

REFERENCES: 

U.S. Department of Energy, 1990. Remedial Action Plan and Site Conceptual Design for the 
Stabilization of the Inactive Uranium Mill Tailings Site at Ambrosia Lake, New Mexico, 
Final. UMTRA-DOA/AL-650516.0000, September 1990. Transmitted by DOE letter 
dated September 25, 1990. 

U.S. Department of Energy, 1991, Remedial Action Plan and Site Design for Stabilization of 
the Inactive Uranium Mill Tailings Site at Ambrosia Lake, New Mexico, Final 
Appendix B, UMTRA-DOE/AL-050516.0000, November 1991. 

U.S. Department of Energy, 1995a, Site Observational Work Plan for the UMTFIA Project Site 
at Ambrosia Lake, New Mexico, DOE/AL/62350-159, Rev. 0, February 1995. 

U.S. Department of Energy, 1995b. Supplement to the Site Observational Work Plan for the 
UMTRA Project Site at Ambrosia Lake, New Mexico, DOE/AL/62350-159S, Rev. 0, 
November 1995. 
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U.S. Department of Energy, 1996. Long-Term Sun/eillance Plan for the Ambrosia Lake, New 

Mexico Disposal Site, DE/AL/62350-211, Rev 1, July. 

U.S. Department of Energy, 1996. Final Programmatic Environmental Impact Statement for the 
Uranium Mill Tailings Remedial Action Ground Water Project, DOE/EIS-0198, 
October 1996. 

U.S. Department of Energy, 1998a. UMTRA Ground Water Project Ground Water Document 
Compilation, Ambrosia Lake, New Mexico, April 1998. Transmitted by DOE letter 
dated June 1, 1998. 

U.S. Department of Energy, 1998b. Ground Water Compliance Action Plan (GCAP) for the 
UMTRA Project Site at Ambrosai Lake, New Mexico, May 1998. Transmitted by DOE 
letter dated June 1, 1998. 

U.S. Nuclear Regulatory Commission, 1990. Final Technical Evaluation Report for DOE's 
Proposed Remedial Action, Ambrosia Lake UMTRA Project Site, New Mexico, 
December 1990. Transmitted by NRC letter dated December 31, 1990. 

U.S. Nuclear Regulatory Commission, 1996. Site Observational Work Plan for the Ambrosia 
Lake Uranium Mill Tailings Remedial Action Project Site, April 9, 1996, 

U.S. Nuclear Regulatory Commission, 1997. Ambrosia Lake Completion Report, 
May 1,1997. ^ 
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(GCAP) 

May 21, 1998 

40 CFR 192 (Subpart B) Ground Water Compliance Modification to the Remedial Action 
Plan and Site Design for Stabilization of the Inactive Uranium Mill Tailings Site at 

Ambrosia Lake, New Mexico (November, 1991) 

Thefollo'ming sections '»'ill be modifivil; 

SECTION 2.0 EPA STANDARDS 
Subsection 2.4 Water-Quality Protection; 

SECnON 5.0 GROUNDWATER PROTECTION 

To achieve compliance with Subpart B of 40 CFR 192, (aquifer restoration) at the Ambrosia Lake, New 
Mexico, UMTRA site, the DOE proposes implementation ofthe No^round-Water-Remediation strategy. 
This determination utilizes a consistent and objective strategy selection framework developed in the Final 
Programmatic Environmental Impact Statement for the Uianimn Mill Tailings Remedial Action Ground 
Water Project (October. 1996). 

In summary, the No-Groimd-Water-Remediation strategy is based on ground water' in the uppermost 
aquifer being classified as limited use, thus providing the basis for the application of supplemental 
srandards. The terra "limited use" is defined in the 6nal EPA ground water standards (60 FR 2854). The 
uppermost aquifer does not represent a ground water resource because ofthe limited extent of saruration 
and the inabtUty to sustain a yield of ISO gallons per day to wells. The sources of past recharge such as 
waste water disposal and infiltration, and water from mine pumping, no longer exist. Further, the tailings 
and other contaminated material are now encapsulated in a long-term engineered disposal cell. The 
disposal cell has a cover design feanire that will minimize infiltration through the tailings. Therefore, the 
saturated unit (uppermost aquifer) is e^cpected to return to its premilling and mining condition of linle-co-
no saniration, further eliminating the unit as a potential fiiture ground water resource. 

The DOE has determined that the ground water in the uppermost aquifer was contaminated by uranium 
processing activities at the Ambrosia Lake site, but qualifies for supplemental standards based on the 
limited-use conditions. This decision was detennined hy applying the decisioo'framework developed in 
the Final Programmatic Environmental Impact Statement for the Uranium Mill Tailings Remedial Action 
Ground Water Project (October, 1996) as the strategy selection process in the Site Observational Work 
Plan (SOWP) for the UMTRA Project Site, at Ambrosia Lake. New Mexico (February, 1995, and 
subsequent addendum's). The frainework dS applied to the Ambrosia Lake site consists of five evaluative 
steps that are discussed below. 

The first step of the decision framework was an assessment of existing data. The uppermost aquifer is 
defined as the alluvium and Tres Hermanos^ Sandstone. Ground water contaminants are a result of 
uranium processing activities that occurred from 1958 undl 1963. Section 3.0 ofthe SOWP provides a 
conceptual site model that includes the hydrogeologic setting, nature and extent of ground water 
contamination, contaminant fate and transport, and risk evaluation. Evaluation of previous site data, and 
additional field data collection - al the request ofthe State of New Mexico (1997), coupled with the 
Ambrosia Lake site conceptual model indicate that sufficient hydrological and ground water 
contanunation characterization data exists to make an appropriatis (Subpart B) compliance strategy 
selection. 

The second step compares the list of ground water conlarninants with MCLs or background ground water 
quality. However, this site is unique because background ground water quality in the alluviuhi and thc 



Tres Hermanos-C standstone at the Ambrosia lake site is considered to be the same as existing -water 
quality due to the limited-samration created by thc past mining and milling activities. Ouiside of the 
linuted saturation, the unit is essentially dry. Within the area of limited-saturation contaminants that 
have exceeded MCLs in the past includes uranium, selenium, cadmium, chromium, molybdenum, nitrate, 
combined radium '226 and -288, and arsenic. An additional constituent that is an indicator of process-
related contaminated ground water is sulfate. Ground water contaminants from the uranium milling 
operation have seeped into the subsurface and migrated into the ground water systein creating a limited 
zone of saturation that encompasses an area slightly larger than the fenced disposal site. 

The third step determines whether the contartiinated ground water qualifies for supplemental standards 
based on the classification of grouiul water as limited use. Thc conceptual model reasonably depicts the 
uppermost aquifer's hydraulic properties as unable to sustain a yield of 150 gallons per day to wells. 
Additional field work conducted in 1997 adds ftmher confidence that the limited-saturation is well 
defined and the Tres Hermanos-B is contaminated in one veiy localized area, and the Dakota is not 
contaminated. With time the limited saturated zone created by past nuning and milling practices will 
diminish. 

The fourth step determines whether human health and environmental risks that result from applying 
supplemental standards are acceptable. There is no risk to human health and the environment because 
there are no known ei^sure pathways, for ground water from the uppermost aquifer to reach a receptor. 
No one is using or is projected to use the ground water from this aquijfer for any piupose. Further, there is 
no discharge of ground water from thc uppermost aquifer to a deqier aquifer used for domestic and/or 
agricultural purposes, nor a surface water body or surface expression. 

The fifth and final step in the firamework selecu an appropriate compliance strategy to meet the EPA 
ground water stanxlards. The selected strategy is to perform no remediation based on ground water in the 
uppermost aquifer being classified as limited use, which allows the application of supplemental standards. 
Limited use ground water at the Ambrosia Lake site is neither a current nor potential source of drinking 
water because of low yield and its transient nature (diminishing with time) that cannot be cleaned up 
using treatment methods reasonably employed in public water supply systems (40 CFR 192.11 (e)). 

Details supporting the 1) regulatory fiamework requirements, 2) sununary of site conditions, and 3) 
ground water compliance strategy selection can be found in the Ground Water Document Compilation, 
Ambrosia Lake, New Mexico (April, 1998). This compiladon includes all NEPA documentation, the 
SOWP, and supplements, and pertinent correspondence with the Nuclear Regulatory Commission and the 
State of New Mexico. 



U.S. Department of Energy 
Grand Junction Office 

2597 8% Road 
Grand Junction, CO 81503 

, JUN 01 1998 

Marcy Leavitt, Bureau Chief 
Ground Water Protection and Remediation Bureau 
Harold Runnels Building 
1190 St. Francis Drive 
Santa Fe,NM 87502 

Subject: Transmittal of Ground Water Compliance Action Pljm and Supporting Background 
Information for the Ambrosia Lake, New Mexico, Title I UMTRA Site (Subpart B 
Compliance) 

Dear Ms. Leavitt: 

Enclosed are two copies ofthe Ground Water Compliance Action Plan (GCAP)) for the UMTRA 
Project Site at Ambrosia Lake, New Mexico, May 1998. Accompanying the GCAP are two 
3-ring binders of supporting background information that includes the Site Observation Work 
Plan, analyses ofthe most recent field characterization data, and other pertinent documentation. 

The GCAP is submitted as the 40 CFR 192, Subpart B, ground water modification to the 
Remedial Action Plan (RAP) and Site Design for Stabilization ofthe Inactive Uranium Mill 
Tailings Site at Ambrosia Lake, New Mexico (November 1991). The GCAP will serve as 
replacement ofthe current text identified in the RAP: Sections 2.0 EPA Standards, Subsection 
2.4 Water-Quality Protection, and Section 5.0 Groundwater Protection. 

Concurrent with this transmittal, the Department of Energy (DOE) UMTRA Ground Water 
Project is transmitting copies ofthe GCAP and supporting background information to the 
Nuclear Regulatory Commission (NRC) for concurrence. 

The final Programmatic Erivironmental Impact Statement (PEIS) for the UMTRA Ground Water 
Project was approved for distribution on September 19, 1996. Distribution ofthe final PEIS 
began in October of 1996. The Record ofDecision was approved and published in April 1997. 
In 1998, the DOE Ground Water Project has completed the necessary site-specific National 
Environmental Policy Act documentation for Subpart B compliance at the Ambrosia Lake Site. 

The Ambrosia Lake tailings were stabilized in place, encapsulated within an engineered disposal 
cell that was constructed to Title I design specifications. The residual radioactive material is 
managed under the Title I general license. The second part ofthe two-step general license 
process (10 CFR 40.27) for the Ambrosia Lake Site will be completed with NRC's concurrence 
on the GCAP. Further performance assessment monitoring is not required with the selection of 
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Marcy Leavitt -2- JUN Ol 1993 

the No-Groimd-Water Remediation Strategy. The Long-Term Surveillance and Maintenance 
Project will continue with armual inspections under their long-term care requirements. 

Please provide your review comments or approval as soon as possible. Ifyou have questions or 
need further clarification, call me at (970) 248-7612. 

t-^ 
Donald R. Metzler, P.Hg. 
Technical/Project Manager 

Enclosures: 
GCAP 
3-ring binder of supporting documentation 

cc w/o enclosure: 
J. Holonich,NRC 
M. Layton, NRC 
S. McKitrick, NMED 
File GW AMB 1.4 (P. Taylor) 

drm\nmamb.doc 

file://drm/nmamb.doc
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U.S. Department of Energy 
Grand Junction Office 

2597 6% Road 
Grand Junction, CO 81503 

JUN 01 1993 

Joseph J. Holonich, Chief 
Uranium Recovery Branch 
Division of Waste Management 
Office of Nuclear Material Safety and Safeguards 
Mail Stop T7J9 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Subject: Transmittal of Ground Water Compliance Action Plan and Supporting Background 
Information for the Ambrosia Lake, New Mexico, Title I UMTRA Site (Subpart B 
Compliance) 

Dear Mr. Holonich: 

Enclosed are two copies ofthe Ground Water Compliance Action Plan (GCAP) )for the UMTRA 
Project Site at Ambrosia Lake, Ne'w Mexico, May 1998. Accompanying the GCAP are two 
3-ring binders of supporting background information that includes the Site Observation Work 
Plan and analyses of the most recent field characterization data. 

The GCAP is submitted as the 40 CFR 192, Subpart B, ground water modification to the 
Remedial Action Plan (RAP) and Site Design for Stabilization ofthe Inactive Uranium Mill 
Tailings Site at Ambrosia Lake, New Mexico (November 1991). The GCAP will serve as 
replacement ofthe current text identified in the RAP: Sections 2.0 EPA Standards, Subsection 
2.4 Water-Quality Protection, and Section 5.0 Groundwater Protection. 

Concurrent with this transmittal, fhe Department of Energy (DOE) UMTRA Groimd Water 
Project is transmitting copies ofthe GCAP and supporting background information to the state of 
New Mexico for approval. 

The final Programmatic Environmental Impact Statement (PEIS) for the UMTRA Ground Water 
Project was approved for distribution on September 19, 1996. Distribution ofthe final PEIS 
began in October of 1996. The Record ofDecision was approved and published in April 1997. 
In 1998, the DOE Ground Water Project has completed the necessary site-specific National 
Environmental Policy Act documentation for Subpart B compliance at the Ambrosia Lake Site. 

The Ambrosia Lake tailings were stabilized in place, encapsulated within an engineered disposal 
cell that was constructed to Title I design specifications. The residual radioactive material is 
managed under the Title I general license. The second part ofthe two-step general license 

RECORD COPY 



Joseph Holonich '-2- JUN 01 1993 

process (10 CFR 40.27) for the Ambrosia Lake Site will be completed with NRC's concurrence 
on the GCAP. Further performance assessment monitoring is not required with the selection of 
the No-Ground-Water Remediation Strategy. The Long-Term Surveillance and Maintenance 
Project will continue with aimual inspections under their long-term care requirements. 

Please provide your review comments or approval as soon as possible. Ifyou have questions or 
need further clarification, call me at (970) 248-7612. 

Donald R. Metzler, P.Hg. 
Technical/Project Manager 

Enclosures: 
GCAP 
3-ring binder of supporting documentation 

cc w/o enclosures: 
M. Layton, NRC 
M. Leavitt; NMED 
R. PHeness, DOE-GJO 
R. Edge, DOE-GJO. 
File GWAMBM^^^Nl^' 
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UNITED STATES 
NUCLEAR REGULATORY C O M M I S 

WASHINGTON, D.C. 20555-0001 

July 17, 1998 

siogiytrvtu out 

Mr. Donald R. Metzler, Project Manager 
U.S. Department of Energy 
Grand Junction Office 
2597 B3/4 Road 
Grand Junction, CO 81503 

M 2 3 1996 

,^ANDJUfCnON(}FFICE 

SUBJECT: REVIEW OF AMBROSIA LAKE GROUND WATER COMPLIANCE ACTION PLAN 

Dear Mr. Metzler: 

The U.S. Nuclear Regulatory Commission (NRC) staff has completed its review ofthe Ambrosia 
Lake, New Mexico, Ground Water Compliance Action Plan (GCAP), dated April 1998, which 
was submitted by a U.S. Department of Energy (DOE) letter dated June 1, 1998. The GCAP 
reiterates DOE's strategy pf "No-Ground-Water-Remediation," based on the ground water in 
the uppermost aquiter being ciassitied as limitea use anoTThus, no program to monitor ground" 
water is required. '• " " -

As discussed in the enclosed Supplemental Technical Evaluation Report (STER), the NRC staff 
has reviewed the GCAP, and agrees with DOE that the uppermost aquifer does not represent a 
ground-water resource, because ofthe limited extent of saturation in the aquifer and its inability 
to sustain a yield of 150 gallons (570 liters) per day to wells. The uppermost aquifer is 
expected to return to its premilling and mining condition of little-to-no saturation, further 
eliminating the unit as a potential future ground-water resource. Ground water does not 
discharge to the land surface, and the nearest surface water is located approximately 1.5 miles 
(2.4 kilometers) southwest of the site. No current exposure pathways due to ground-water 
contamination exist, nor are any foreseen. 

Based on the above, the NRC staff concurs with the GCAP. If you have any questions' 
concerning this letter or the enclosed STER, please contact the NRC Project Manager, 
Ken Hooks, at (301) 415-7777. 

Sincerely, 

'—"Joseph J: Holonich, ( 

Docket No. WM.-67 
Enclosure: As stated 

Uranium Recovery Branch 
Division of Waste Management 
Office of Nuclear Material Safety 

and Safeguards 

cc: W. Woodworth, DOE Alb 
F. Bosiljevac, DOE Alb 
E. Artiglia, TAC Alb 
M. Leavitt, NMED Santa Fe, NM 
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GEOLOGY AND GROUND-WATER OCCURRENCE IN SOUTHEASTERN 

MCKINLEY COUNTY, NEW MEXICO 

By 

James B. Cooper and Edward C. John 

9 

i-i: 

ABSTRACT 

This report describes the geology and ground-water resources of 
southeastern McKinley County in northwestern New Mexico. This area of 
about 1,300 square miles is topographically diverse and contains mountains, 
broad flat valleys, steep escarpments, flat mesas, sloping plains, volcan
ic cones, lava flows, and solitary buttes. Altitudes of the land surface 
range from about 6,000 feet to about 9,000 feet. The climate is semiarid; 
average annual precipitation ranges from 10 to 20 inches, depending on 
altitude of the land surface. The area contains neither perennial streams 
nor large permanent bodies of surface water. Most of the area is sparsely 
populated; mining and ranching are the principal occupations. 

Southeastern McKinley County is in the southern part of the San Juan 
structural basin. Rocks exposed range in age from Permian to Quaternary; 
the beds dip northward and northeastward, toward the center of the basin, 
at angles of 3° to 5°. Ground water, commonly under artesian pressure, 
is yielded to wells from at least 16 distinct aquifers. The principal 
aquifers in the southwestern part of the area are the Glorieta Sandstone 
and San Andres Limestone of Permian age and the Chinle Formation of Late 
Triassic age. The Westwater Canyon Member of the Morrison Formation of 
Late Jurassic age is the principal aquifer in the central part of the 
area. Units of the Mesaverde Group of Late Cretaceous age are aquifers in 
.the remainder of the area. ' 

Yields of 300 gallons per minute or more are obtained from wells 
that tap the aquifer in the Glorieta Sandstone and San Andres Limestone. 
The other aquifers commonly yield only 5 to 30 gallons per minute to wells; 
larger yields are obtained locally. Water wells range in depth from 20 



9 
feet to more than 1,200 feet. Water levels in wells range from above 
the land surface to about 800 feet below the land surface. The chemical 
quality of ground water is variable; most is suitable for livestock and 
domestic use. The general direction of ground-water movement is downdip 
the north and northeast. Recharge to aquifers is from precipitation on 
the outcrops and from water moving along fault zones. Most aquifers 
receive only scant recharge directly from precipitation because their 
outcrop areas are small. 

to 

i' 

Withdrawals of ground water in southeastern McKinley County were 
insignificant before 1951. Since that time, mining of uranium ore from 
the water-bearing Westwater Canyon Member of the Morrison Formation in 
the Ambrosia Lake and Smith Lake areas has created widespread interest 
in the occurrence, control, and disposal "bf ground water associated with 
the ore. In addition, many new wells were drilled to supply water for 
uranium-processing mills and housing developments, and to support in
stallations for the mining industry. 

INTRODUCTION 

Purpose and Scope of Investigation 

9 
Southeastern McKinley County, in northwestern New Mexico, is under

lain by water-bearing rocks that, in places, contain extensive deposits 
of uranium ore. Mining of this valuable ore was begun in 1951, thus 
creating widespread interest in the occurrence, control, and disposal of 
ground water associated with the ore. Concurrent with the problem of 
disposing of unwanted ground water in the mines was a large increase, in 
the demand for such water for domestic and industrial use in ore-processing 
mills and in allied industries near the mining districts. 

Prior to the advent of uranium mining and processing, use of water 
southeastern McKinley County was primarily for livestock and domestic 
supplies. The water needs of the ranches were satisfied by small-yield 
wells widely spaced over the grazing land. Closely spaced wells were 
found only in a few settlements. Almost no information on the ground
water resources of this area was available to the public. 

in 

As a part of the continuing program of investigation of the water 
resources in the State, southeastern McKinley County was studied by the 
U.S. Geological Survey in cooperation with the New Mexico State Engineer. 
The objectives of the investigation were to determine the general availa
bility and chemical quality of ground water, with particular emphasis in 
those areas where water occurs in strata that contain large bodies of 
uranium ores, and to determine the principal aquifers, their areal extent, 
and their areas of recharge and discharge. 

The ground-water data contained in this report were obtained by field 
investigations made between October 1957 and October 1962. Most of the 
geologic data in the report were obtained from published reports; recon
naissance observations only were made in the field. 

î  . 



Early phases of the field work were restricted mainly to collection 
of data concerning test wells, exploratory test holes, and mine-shaft 
excavations. These data were made available by mining companies active 
in the Ambrosia Lake mining district. 

Field work later was extended throughout the area of investigation 
and consisted of collecting data concerning domestic, stock, and industr
ial wells from well owners, as well as of locating wells and springs, 
measuring water levels in wells, and collecting water samples for chemi
cal analysis. 

Information about the water-bearing formations was obtained in the 
field by observation and from logs of wells furnished by well owners and 
water-well drillers. 

in 

sn.tiJ 

The well-inventory and water-sampling phases of the study were com
pleted by E. C. John who joined the project in September 1962. The 
well-record table, chemical-analysis table, hydrologic map, and parts of 
the text were prepared by Mr. John. 

The report contains records of 230 wells and 27 springs. The chemi
cal quality of the ground water is shown by 121 analyses of wate^*collect-
ed from selected wells, springs, and mines. The type and character of 
the subsurface formations that yield water to wells in the area are in
dicated by 49 logs of water wells, oil-test wells, and exploratory oil-
test drill holes. 

Location and Extent of the Area 

McKinley County is in the northwest quarter of New Mexico. The 
southeastern part of the county, described in this report, is an area 
of about 1,300 square miles adjacent to Sandoval County to the east and 
Valencia County to the south (fig, 1). A small part of Valencia County 
which contains the community of San Mateo is also included in the report. 

Previous Investigations 

A descriptive report of Mount Taylor and the Zuni Plateau is contain
ed in the earliest report of geological investigations in the area (Dutton, 
.1885). Darton (1928) described the Zuni Mountains and the general strati
graphy of the region. The geology and fuel resources of the sedimentary 
rocks in the eastern part of the area, near Mount Taylor, were described 
by Hunt (1936). 

A great amount of geologic work has been done in the area since the 
1930's by investigators interested primarily in mineral resources such as 
coal, oil, and uranium. As a result, the surface geology of the entire 
area has been mapped and described in numerous published reports. Some 
parts of the area have been studied several times and described in con
siderable detail. A list of reports dealing with various aspects of the 
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GEOGRAPHY 

Population and Transportation 

Southeastern McKinley County is a sparsely populated land used 
mostly for grazing of cattle and sheep. Vegetation likewise is sparse, 
and grazing ranges of several thousand apres commonly are used by a 
single rancher. Temporary camps for herders and ranch workers are scat
tered over the ranges; however, only a few working ranch headquarters 
are maintained within the area and many of the ranch operators reside in 
nearby villages and towns. About 40 percent of the land is privately 
owned (New Mexico Land Resources Association, 1958), and the largest 
units are in land grants such as Cebolleta Grant, Bartolome Fernandez 
Grant, and Ignacio Chavez Grant, all in the eastern part of the area. 
In the western and northwestern parts, off-reservation Navajo Indian 
lands total about 300 square miles. The Cibola National Forest, mainly 
in the southeastern part of the area, accounts for nearly 200 square 
miles. The remainder of the land, most of which is leased for stock-
grazing, is public domain or State owned. 

Thoreau and Prewitt, along the main line of the Atchison, Topeka, 
and Santa Fe Railway and U.S. Highway 66 in the southwestern part of the 
area in McKinley County, and San Mateo, in Valencia County, are the larg
est communities. In 1965, Thoreau had an estimated population of 400, 
San BJateo of 300 (Dinwiddle and others), Prewitt of somewhat less. 

Smith Lake, San Antonio Spring, and the Borrego Pass Trading Post 
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are permanent settlements inhabited by Indian missionaries and Indian 
traders and their families. The community of Marquez in the extreme 
southeastern part of the area is divided by the McKinley-Sandoval County 
line (pi. 2). 

Several hundred people reside in trailers and temporary housing at 
and near the mining district of Ambrosia Lake, and trailer courts have 
been established near Thoreau and Smith Lake. , 

An Indian population ^s scattered over the western quarter of the 
area, and non-Indian families are concentrated near Bluewater Lake, 
Thoreau, Smith Lake, and Borrego Pass. Only rarely do the Navajo reside 
in year-round, permanent quarters. Two or more temporary camps, with 
hogans for shelter, commonly are occupied seasonally in accordance with 
availability of forage for the flocks of sheep \nliich are the main source 
of income for the Navajo living in this area. 

The population of the Crownpoint census district, which includes the 
entire eastern half of McKinley County, is given in the 1960 census as 
7,271. It is estimated that less than half of that number reside in the 
area of this investigation. 

The nearest major trade centers are Grants in Valencia County and 
Gallup in McKinley County, Albuquerque, about 100 miles to the east, is 
the principal cultural and economic center for the area. 

The most populous parts of the area are coiuiected by all-weather 
roads. State Highway 56 crosses the northwestern part of the area and 
junctions with U.S. Highway 66 at Thoreau. State Highway 53 from San 
Mateo junctions with ranch road 509 to Ambrosia Lake, and connects with 
U.S, Highway 66 in Valencia County, The few other roads in the area 
range from graded gravel-surface to unmarked trails suitable only for 
travel in good weather by four-wheel-drive vehicles. 

Economic Development 

According to records of the New Mexico State Inspector of Mines 
(1962) the value of uranium production in McKinley County in the year 
ending June 30, 1962, was $57,431,391. Most of the uranium was produced 
from the 30 or so operating mines, both deep-shaft and incline, at or 
near Ambrosia Lake, and from a few mines near Smith Lake. More than 

j 'I' 2,000 people were employed in the uranium-mining industry. 

Two uranium-processing mills are at Ambrosia Lake. The Kermac Mill, 
operated by the Kermac Nuclear Fuels Corp., employs about 100 people. 
The Phillips Mill, formerly owned and operated by the Phillips Petroleum 
Co., employed about 125 persons but was closed in early 1963. 

Hie area produces no other notable minerals. Minor amounts of coal 
and limestone, sand and gravel, and volcanic cinders for road metal are 
mined whenever a local market warrants. 

file:///nliich
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contained 2,260 ppm dissolved solids. Sulfate led in concentration; other 
principal constituents were calcium, sodium, and bicarbonate. Water from 
well 15.13,12,144, which also taps the Bluff, has a dissolved-solids con
tent of 528 ppm, with only moderate amounts of sodium, bicarbonate, and 
sulfate. This indicates that potable water is present in the Bluff in the 
western part of the area. 

Recharge to the San Rafael Group is slight in the eastern part of 
southeastern McKinley County, as the outcrops form steep cliffs with nar
row lateral exposure. Outcrops are considerably more extensive in the 
western part of the area and recharge to the aquifer should be greater. 
Water in the San Rafael Group moves basinward as indicated by the isolated 
points of water-level measurement (pi. 2); the amount of natural discharge 
of water from these formations within the area is not known. 

Morrison Formation 

• 

Approximately the upper third of the rocks beneath the caprock of 
Dakota Sandstone that form the escarpments north of U.S. Highway 66 are 
members of the Morrison Formation, Their areal extent and pattern of out
crop is similar to that of the formations of the San Rafael Group. In 
ascending order, the members of the Morrison Formation in southeastern 
McKinley County are the Recapture, Westwater Canyon, and Brushy Basin. 

The Recapture Member of the Morrison Formation conformably overlies 
the Bluff Sandstone of the San Rafael Group. At places, it grades lateral
ly into the Bluff Sandstone and into the overlying Westwater Canyon Member. 
The Recapture is composed of red-brown, chocolate-brown, light-green, and 
white interstratified siltstone, shale, and fine sandstone. Sandstone 
predominates in the upper part of the section where the beds are 5 to 10 
feet thick. At places, the Recapture contains conglomeratic, coarse-grained 
sand, and thin, mottled, red and green limestone. The thickness of the 
Recapture differs from place to place because it intertongues with under
lying and overlying rocks. Near Thoreau, the member is 126 feet thick and 
at Haystack Mountain it is about 94 feet thick (Rapaport, Hadfield, and 
Olson, p, 51). Within southeastern McKinley County, the member probably 
ranges in thickness from about 75 to more than 200 feet. It usually weath
ers into steep, detritus-covered slopes and, at places, into irregular 
terrain of pedestal rocks and narrow pinnacles. 

The Recapture underlies the area northeast of its outcrop and is 100 
to 130 feet thick in the subsurface at Ambrosia Lake, 

The Westwater Canyon Member forms steep cliffs above the slope of the 
Recapture Member and below the slope of the Brushy Basin Member. The West-
water Canyon is a gray to white and light yellow-brown, fine to coarse, 
poorly sorted sandstone. It is massive and crossbedded and locally con
tains conglomeratic zones with inclusions of clay, chert pebbles, and small 
fragments of silicified wood. The member varies in thickness within the 
area as it interfingers with the Brushy Basin Member and the Recapture 
Member. One of the sandstone units of the Westwater Canyon, intertonguing 

9 
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9 with the Brushy Basin Member in this area, has been called the Poison 
Canyon Sandstone (Zitting and others, 1957, p. 55). This sandstone ex
tends eastward and northeastward from the outcrop of the Westwater Canyon 
in the Ambrosia Lake area and contains rich deposits of uranium ore. 

Outcrop thicknesses of the Westwater Canyon Member reported by 
Rapaport, Hadfield, and Olson (p. 51) are 166 feet near Thoreau, about 165 
feet at Haystack Mountain, and 47 feet in sec. 34, T, 13 N,, R. 9 W. North 
of its outcrop, the Westwater Canyon underlies all of southeastern McKinley 
County. In the Ambrosia Lake area, the sandstone is 30 to 270 feet thick 
(Granger and others, 1961, p. 1185). 

The Westwater Canyon Member contains extensive deposits of uranium 
and vanadium ores which are mined in the Ambrosia Lake and Smith Lake areas. 
The ore is in the sandstone in large masses, tabular bodies, lenses, and 
thin elongated pods. Near Ambrosia Lake, bodies of ore as thick as l̂ U 
Teet have been found. The ore deposits may be as much as a mile long and 
more than 1,000 feet wide. The principal uranium mineral is coffinite, 
often associated with carbonaceous material, that coats the sand grains or 
occurs as pellets. 

9 

The Brushy Basin Member conformably overlies and intertongues with 
the Westwater Canyon Member. It is composed of greenish-gray, incompetent, 
gypsiferous and bentonitic mudstone with yellowish-brown to white, coarse
grained sandstone lenses and a few thin beds of limestone. At places, 
carbonaceous material is interbedded with the sandstone and mudstone. The 
Brushy Basin Member weathers into fairly steep slopes. Granger and others 
(p, 1185) reported that in the Ambrosia Lake area the Brushy Basin ranges 
in thickness from 62 to 128 feet. However, because of its intertonguing 
relationships, it may be thinner or thicker locally. Near Thoreau, about 
50 feet of the member is exposed and near Smith Lake about 150 feet of 
section is present in the subsurface. 

-r ' 
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The sandstone lenses in the Brushy Basin Member contain many deposits 
of uranium ore. The so-called Poison Canyon Sandstone of the Westwater 
Canyon Member contains particularly rich deposits. Several mines are on 
the outcrop of the Brushy Basin and Westwater Canyon Members south of 
Ambrosia Lake, The member has also been mined at Ambrosia Lake and at 
Smith Lake. 

Only the Westwater Canyon Member of the Morrison Formation is known 
to be an aquifer in southeastern McKinley County, The Recapture Member is 
not believed to contain water, except possibly in some of the sandstone 
units that interfinger with the thick overlying and underlying sandstone 
units. No wells are known to be finished in the Brushy Basin Member; how
ever, the sandstone units of the Brushy Basin do contain water where they 
lie below the water table. In sec, 18, T, 15 N,, R, 13 W,, about 8 miles 
West of Smith Lake, the lower sandstone lense within the Brushy Basin (the 
So-called Poison Canyon) contains water in a uranium mine (Hoskins, 1963, 
P. 49), 

In the Ambrosia Lake area and northwestward to Smith Lake, the West-
ŵater Canyon Member is the principal aquifer. The sandstone yields adequate 
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supplies of water for several trailer parks, for minor industrial use, 
and for stock watering. Most of the ore bodies being mined at Ambrosia 
Lake are fully or partly saturated and must be drained prior to mining. 
The Westwater Canyon is a persistent aquifer where it is below the water 
table. Yields from wells that fully penetrate the aquifer could be ex
pected to exceed 20 gpm. 

The chemical quality of the water in the Westwater Canyon Member is 
good to fair and the water js suitable for domestic, stock, and industri-
al uses. Analyses of water samples collected from 12 wells and mines 
(table 3) indicate that the water generally contains less than 1,000 ppm 
dissolved solids in the Ambrosia Lake and Smith Lake areas. Calcium, 
sodium, bicarbonate, and sulfate are the main constituents. 

Water from wells 14.9.29.312 and 14.11.3.334, which t#p the Westwater 
Canyon, contains 1,410 ppm and 2,310 ppm dissolved solids, respectively. 
These abnormally high dissolved-solids contents are thought to be due to 
inflow of water from the overlying Dakota Sandstone. A well drilled into 
the Westwater Canyon Member should be so constructed that water from over
lying aquifers cannot enter the hole. 

Water samples collected from the Westwater Canyon Member in seven 
mines and four wells in the Ambrosia Lake area were analyzed for beta ac
tivity and radium (table 3), In all samples beta activity was below the 
recommended maximum limit; however, the radium concentration in three sam
ples collected from mines and in one sample collected from wells was above 
the recommended limit for radium in drinking water. An extremely low ra
dium content of 0,2io,l pc/1 (picocuries per liter) was in the only sample 
collected from a well (15.12.17.123a) away from the Ambrosia Lake area. 

Recharge to the Westwater Canyon is presumably through its outcrop 
in the western part of the report area; however, the exposures of the 
sandstone are not extensive. The aquifer may receive recharge from over
lying aquifers by downward percolation of water through fault zones. 
Water in the aquifer is under artesian pressure and water levels in wells 
rise several tens of feet above the top of the aquifer at most places 
where it is tapped, 

' Natural discharge of water from the Westwater Canyon Member in the 
area is not known. Water in the sandstone; at least in the Ambrosia Lake 
area where water levels have been measured, moves to the northeast, pre
sumably downdip into the central basin. 

Cretaceous System 

Rocks of Cretaceous age are exposed in much of southeastern McKinley 
County; they are covered by basalt flows in the southeastern part of the 
area and have been removed by erosion in the southwestern part of the area. 
The strata consist of a thick sequence of marine and continental deposits 
of shale and sandstone that intertongue, thicken, thin, and change litholo
gy abruptly (fig. 7). The depositional concepts and relationships of these 
strata are discussed thoroughly in the classic paper on the Cretaceous de
posits in the southern part of the San Juan Basin by Sears, Hunt, and 
Hendricks, (1941, p. 101-121). 
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about 1,500 feet above the bordering valleys. Many volcanic vents, marked 
by extinct cinder cones, are scattered over the top of the flat lava cap. 
Some of these cones are several hundred feet tall and often are clustered 
in groups. Several separate lava flows, interbedded with pumiceous ash, 
underlie the surface of the mesa. Well 13.5.7.123 (table 5) penetrated 
543 feet of volcanic rocks which include at least seven separate basalt 
flows. The flows ranged in thickness from about 35 to 75 feet. Interbeds 
of ash range in thickness from about 5 to 50 feet. 

Cerro Alesna, in the northeast corner of the Bartolome Fernandez Grant 
and a few miles west of the edge of the lava flows, is the most spectacular 
example of intrusive rock in the area. This volcanic neck is nearly circu
lar and rises 1,200 feet, above the surrounding plain. The neck is composed 
of dense andesite, jointed in nearly vertical columns, and is connected by 
a dike with outliers of andesite to the southwest. 

No wells are known to be finished in volcanic rocks of late Tertiary 
age in southeastern McKinley County. The extrusive rocks create a large 
area of recharge for the underlying rocks of Cretaceous age and the intru
sive rocks form barriers to the lateral movement of ground water. 

Springs (table 2) such as 13.7.11.131 (San Miguel), 13.7.20.121 (San 
Lucas), 13.7.31.414 (San Mateo), along with numerous unnamed springs, issue 
from the edges of the sheet basalt flows, either at the contact of the low
est flow with the underlying sedimentary rocks or from the interbeds of 
ash between the flows. Several of these springs flow 50 gpm or more. San 
Mateo Springs (13.7.31.414) flow into a reservoir, release from which is 
used to irrigate farms at San Mateo, 

An intrusive dike southwest of Cerro Alesna has created a spring known 
as Cerro Spring (14.7.10.333) that flows about 10 gpm. Other smaller 
springs (16,5,15,112 and 16,5,15.233) are along basalt dikes. In years of 
heavy rainfall, many more springs probably are evident along other dikes 
in the area. 

Tertiary and Quaternary(?) Systems 

Basalt flows of late Tertiary and early Quaternary(?) ages overlie 
rocks of Cretaceous age in the western part of the area a few miles north
west of Thoreau. The basalt occurs as small erosional remnants which cap 
Mount Powell and an adjacent ridge. The basalt is about 75 feet thick on 
Mount Powell and may represent several flows (Smith, 1954, p. 20). Source 
of the basalt at these locations is undetermined. The basalt is not known 
to contain water. 

Quaternary System 

Rocks of C^ternary age exposed in southeastern McKinley County con
sist of basalt flows, alluvium, and landslide and talus materials. 



38 

Part of the Bluewater basalt flow covers an area of about 10 square 
miles along U,S. Highway 66 southeast of Prewitt. The flow originated 
at El Tintero volcanic crater, near the north edge of the basalt sheet 
and it appears to be composed of several alternate layers of vesicular 
and dense basalt (Gordon, p. 38); near the northwest edge of the flow, 
well 13.11.27.314 penetrated 30 feet of basalt. Close to the crater, the 
basalt probably is as much as 200 feet thick. The crest of El Tintero is 
more than 300 feet higher than the surrounding terrain. 

Clay, silt, sand, and gravel of Recent age underlie the major valleys 
and stream courses, and thin deposits of windblown sand are present at 
places. The maximum thickness of alluvium within the area is about 150 
feet. 

Alluvium of Pleistocene age may be present beneath the Bluewater ba
salt flow. Well 13.11.27.314 (table 5) penetrated 10 feet of brown sand 
which is probably of alluvial origin and which underlies the basalt and 
overlies sandy shale. 

The landslide and talus materials occupy relatively small patches on 
the slopes and near the bases of the mesas and escarpments that are capped 
by sedimentary rocks—in particular by the Dakota Sandstone. Much larger 
bodies of these slump materials are near the edges of the high, basalt 
flows northeast of San Mateo. 

• 

In southeastern McKinley County, the basalt and landslide debris of 
Quaternary age do not contain water, and only minor amounts of water are 
^in the alluvium. A few wells yield water from the alluvium along, San. 
Mateo Creek and in the valley of Azul Creek. Saturated alluvium may also 
be present near Ambrosia Lake and Thoreau, although no wells are known to 
obtain water from the alluvium at these localities. Several dug wells. 
such as 14.12.20.112 at San Antonio Springs, are in narrow valleys and 
reentrants throughout much of the area. These dug wells are usually at 
places where there is surface runoff or direct recharge to the alluvium 
from underlying sedimentary rocks. 

;h 

Chemical quality of water in the alluvium depends on source of the 
water and on the thickness and composition of the aquifer. Well 13.9,22. 
212, recharged by San Mateo Creek, yields water of good quality contain
ing only 592 ppm dissolved solids (table 3). Well 15.10.32.214, finished 
in thin alluvium and recharged largely by the underlying Mancos Shale, 
yields water containing 3,580 ppm dissolved solids, of which 2,550 ppm is 
sulfate. 

GROUND WATER IN THE AMBROSIA LAKE AREA 

Development of the large uranium deposits of southeastern McKinley 
County, principally in the Ambrosia Lake area, increased demand for water 
both in the mining districts and in the surrounding areas. In the early 
days of uranium exploration, water was needed by the drilling rigs, and 
the existing wells were pumped heavily. As the size and importance of the 
deposits became evident, an influx of people into the area began. Water 
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supplies for trailer camps, for mines, and eventually for milling had to 
be developed. It became evident during exploration for the uranium that 
the most promising aquifer in the area was the Westwater Canyon Member 
of the Morrison Formation of Late Jurassic age, that most of the ore was 
associated with the Westwater Canyon, and that most of the ore lay with
in the zone of saturation in the rocks. 

The uranium deposits at Ambrosia Lake were mined first at locations 
where the ore lay above the water table and later— as information on the 
conditions of water occurrence became available—at places where the ore 
lay at deeper levels. Tests were made on wells finished in the Westwater 
Canyon Member to determine the amount of water within the sandstone, also 
whether water levels could be lowered, and the sandstone dewatered by 
pumping from wells, to permit dry mining of the ore. 

An aquifer-performance test of the Westwater Canyon Member performed 
by the Phillips Petroleum Co., using well 14.9.28.234 as the pumped well 
and well 14.9.28.234a as the observation well, indicated a transmissibil-
ity of about 1,300 gallons per day per foot and a storage coefficient of 
about 0.007. The values obtained from the test are questionable because 
the pumped well was open only in the lower part of the formation, whereas 
the observation well was open throughout the formation. Individual water
bearing beds within the aquifer are hydrologically separated by clay 
lenses; thus, water levels measured in the observation well were compos
ites of the undisturbed water levels from the upper part of the formation 
and the lowered water levels from the deeper part of the formation. As 
a consequence, the measurements of drawdown obtained during the test were 
short on the actual drawdown, and the calculated transmissibility was 
greater than the actual value. 

In addition to testing the Westwater Canyon Member in sec. 28, T. 14 
N., R. 9 W., extensive tests of the aquifer were made by various compan
ies in sec, 23 and sec. 25, T, 14 N,, R. 10 W., and in sec. 32, T. 14 N., 
R. 9 W. Because of the low transmissibility of the aquifer, it was deter
mined that dewatering the aquifer by pumping from wells was not feasible. 
The saturated sandstone interferred with shaft construction and made min
ing of the ore, within the saturated zone, extremely hazardous. 

Quantities of water pumped from various shafts, when the shafts were 
bottomed in the Westwater Canyon Member, were reported as follows: Phil
lips "Ann Lee" mine, 365 gpm; Kermac "Section 17" mine, 420 gpm; Kermac 
"Section 22" mine, 100 gpm| Kermac "Section 24" mine, 400 gpm; Kermac 
Section 30" mine, 108 gpm; Kermac "Section 33" mine, 80 gpm; Homestake-
Sapin Partners "Section 23" mine, 475 gpm; Homestake-Sapin Partners "Sec
tion 25" mine, 725 gpm. Data on other mines are not available, although 
mines in the eastern part of the area are reported to have yielded larger 
amounts of water owing to the greater depth of the water-bearing forma
tions, and fractures caused by faulting and folding of the formations. 
The "Sandstone" mine shaft reportedly yiielded 890 gpm from the middle 
•̂ed of sandstone of the lower part of the Mancos Shale, and the "Rare 
Metal" mine shaft reportedly yielded 2,000 gpm from the same zone. Water 
Pumpage from' the Homestake-Sapin Partners "Section 23" mine and "Section 
"̂^ mine amounted to 1 billion gallons and 2,6 billion gallons, respec
tively, during the period October 1958-September 1962. Early pumpage 
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from the mines yielded much more water than did later pumpage, probabl 
a reflection of dewatering of the aquifê r and interference of the cones 
of depression formed in the piezometric surface. At the "Ann Lee" mine 
Phillips Petroleum Co, reports that inflow to the shaft from the Dakota* 
Sandstone is mostly from the updip side, indicating that the sandstone 
has been drained almost to the level of the shaft on the downdip side 
Similar conditions can be expected to occur in all the mines if activity 
continues over a long period of time. 

The volume of water encountered during mining was not the major prob
lem. The wetted mass of saturated rock was hard to load because the muck 
had many properties of a viscous fluid. Once in the mine car or skip, ' 
the water drained away and the loose muck then became a compact mass that 
adhered to the car or skip, creating dumpage probleins. Also, the fine 
sand that remained suspended in the water Wore out loading equipment and 
sump pumps. Drainage of the work areas before mining became the answer 
to the wet-muck problem and also created safer working conditions, as the 
drained rock had greater strength than the wet rock, Jenkins (1959) and 
Stoehr (1959) describe the drainage methods, wet-rock problems, and solu
tions. 

A suitable water supply for milling of the ore also was a problem 
in the early phase of mining at Ambrosia Lake. Deep wells were drilled 
near the two mill sites to test the aquifers; however, these wells were 
not used because of the poor chemical quality of the water and the rela
tively small yields. Water for milling ultimately was obtained from the 
mines themselves. 

9 
Much o f t h e w a t e r pumped f r o m t h e m t " P S i « f>hannp1pri i n t n ^ f n r m P T -

,—JUL dry arroyo that carries the effluent southward out of the Ambrosia 
Lake area. The arroyo joins San Mateo Creek near the junction of State 
Highways 53 and 334. Flow in the arroyo to San Mateo Creek has t̂ een 
^mitinuous for several years. In San Mateo Creek, the water flows sou.th-
westward for several miles before sinking into the alluvium. 

In the Ambrosia Lake area, the mining problems created by water in 
the ore zones have largely been solved and—temporarily, at least—the 
problem of a source of water for ore processing also has been solved. 
However, if mining continues a long time, water in the Westwater Canyon 
Member may be depleted locally and ore-process water may have to be ob
tained from other sources. Also, since the start of pumpage from the 
mines, at least one domestic well near the mines has had to be deepened. 
If this trend continues, the Westwater Canyon Member may no longer be an 
adequate aquifer and water supplies for domestic and stock use may have 
to be obtained from the underlying Bluff Sandstone, 

QUALITY OF WATER 

Ground water in southeastern McKinley County is of suitable chemical 
quality for stock use, and most of it is acceptable for domestic use. 
Chemical analyses of 121 ground-water samples are given in table 3. The 
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' J ^ Purpose and Scope 

I In September 1974, Mr. John Wright of the New Mexico Environmental 
Improvement Agency requested that the staff of EPA Region VI assist in 
implementing a survey of the uranium mining and milling activities of the 

I Grants Mineral Belt to determine the impact of these activities on surface 
and ground water in the area.. 

The objectives outlined for the survey were: 

' 1. Assess the impacts of waste discharges from uranium mining 
and milling on surface and ground waters of the Grants Mineral 
Belt; 

2. Determine if discharges comply with all applicable regulations, 
standards, permits and licenses. 

3. Evaluate-the adequacy of company water quality monitoring 
networks, self-monitoring data, analytical procedures and report
ing requirements. 

4. Determine the composition of potable waters at uranium mines 
and mills. 

5. Develop priorities for subsequent monitoring and other follow-up 
studies. 

In response to the request by the New Mexico Environmental Improvement 
Agency, plans were developed to conduct a joint, cooperative study involving 
Region VI, EPA; the Office of Radiation Programs - Las Vegas Facility 
(ORP-LV); the National Enforcement Investigation Center, Denver (NEIC-Denver), 
and the New Mexico Environmental Improvement Agency (NMEIA). 

A reconnaissance was conducted in January 1975 to view the study areas, 
meet with mining/milling company officials, and plan the data collection 
effort. Sample collection began in late February 1975, and was completed in 
early March 1975. Laboratory analyses for trace metals, gross alpha, 
radium-226 analysis and other radiological analyses were completed in 
July 1975. 

Study Results 

The details of the study are presented in two reports which are appended 
to this summary report: Surface Water Quality Impacts of Uranium Mining 
and Milling in the Grants Mineral Belt, New Mexico, and Ground-Water Quality 
Impacts of Uranium Mining and Milling in the Grants Mineral Belt, New 
Mexico. 

Based on the data collected and analyzed, the following conclusions and 
recommendations were developed. 

Ĥ 



9 SUMMARY AND CONCLUSIONS ' 

• i.l:'-:'} i fif,i 
I. TASK: Assess the Impacts of Waste Discharges from Uranium Mining 

and Milling on Surface and Ground Waters of the Grants .•„ . i ;;'n-. '»,?.., 
Mineral Belt. 

1. Ground water is the principal source of water supply in the study 
area. Extensive development of ground water from the San Andres 
Limestone aquifer occurs in the Grants-Bluewater area where the water 
is used for agriculture, public water supply, and uranium mill feed 
water. Development of shallow, unconfined aquifers in the alluvium 
also occurs in this area. Principal ground-water development in the 
mining areas at Ambrosia Lake, Jackpile-Paguate, and Churchrock is 
from the Morrison Formation and, to a lesser extent, from the Dakota 
Sandstone or the Tres Hermanos Member of the Mancos Shale. The Gallup 
water supply is derived primarily from deep wells completed in the 
Gallup Sandstone using well fields located east and west of the urban 
area and 11 kilometers north of the city. 

2. In proximity to the mines and mills and adjacent to the principal 
surface drainage courses, shallow ground-rwater contamination results 
from the infiltration of (1) effluents from mill tailings ponds; 
(2) mine drainage water that is first introduced to settling lagoons 
and thence to watercourses, and (3) discharge (tailings) from ion ex
change plants. . In the case of ,the. Anaconda .mill, seepage from the 
tailings ponds and migration of" Wastes; injected into deep bedrock 
formations is observed.in tHe San Andres.Limestone and in the 
alluvium, both of which are potable, aquifers.,, -Wtth; the exception of 
seepage from the Kerr-McGee Sectfon 36"mine in Ambrosia Lake, signi
ficant amounts of wastewater from fthe, Tem,ajning.mines, r̂^̂^ ,. 
probably does not return t;o known'bedrock'̂ aqu-i;fers-,j,,;Dete£i;oratt̂ ^̂  
water quality results fromconvehtional^ underground,inj ning; .as .aiTe-r.-, ;,. 
suit of penetration or disruption of the ore body. The.,most, dramati.c, , . 
changes are greatly increased dissolved; radium, and. uranium̂ .̂, ; Induced -v:, 
movement of naturally saline ground water into potable aquifers is : •;. : 
also likely but undocumented. Similarly, the ground-water quality im
pacts of solution (in situ) mining are unknown. • ' :. ,, ;:. 

3. The Grants, Milan, Laguna, and Bluewater municipal water supplies hayei , iii 
not been adversely affected by uranium mining and milling operations ,; - :'<•'' 
to date. For the Grants and Milan areas, chemical data from 1962-to 
the present indicate that near the Anaconda mill some observation wells 
have increased slightly in total dissolved solids, sulfate, chloride 
and gross alpha but domestic wells have generally remained unchanged. 
Projections made in 1957 of gross nitrate deterioration of ground water 
have not been substantiated by subsequent data. Of the municipal supply 

gm^ wells in the study area, the Bluewater well bears additional monitoring 
fjf because of its location relative to the Anaconda tailings ponds. ? 

-2-
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4. Contamination of the Gallup municipal ground-water supply by 
surface f lows, consist ing mostly of mine drainage, has not 
occurred and is extremely un l ike ly because of geologic con
d i t i ons in the well f i e l d and the depth to productive aqui fers. 
Another well f i e l d north of the City w i l l , in no way, be af
fected by the drainage. 

5. With the exception of the area south and southwest from the 
United Nuclear-Homestake Partners m i l l , widespread ground
water contamination from mining and m i l l i n g was not observed 
in the study area. Throughout the study area widespread con
tamination of ground water with radium was not observed despite 
concentrations of as much as 178 pCi/1 in mine and m i l l e f f l uen ts . 
Radium removal is pronounced, probably due to sorpt ive capacity 
of so i l s in the area. In the v i c i n i t y of the Anaconda m i l l , 
radium and n i t r a t e concentrations in the a l l u v i a l aqui fer decline 
wi th distance from the t a i l i n g s ponds, but nei ther parameter ex
ceeds dr ink ing water standards. 

6. Ground water in at least part of the shallow aqui fer developed 
fo r domestic water supply downgradient from the 'Uni ted Nuclear-
Homestake Partners m i l l is contaminated with selenium. A l ternat ive 
water supplies can be developed using deep wells completed in the 
Chinle Formation or in the San Andres Limestone. Potent ia l well 
s i tes are located in the developments af fected or in the adjacent 
area. A t h i r d a l te rna t ive includes connecting to the Milan 
municipal system. Further evaluations are necessary to determine 
the best course of ac t ion. >. 

7. Mining p rac t i ces , per se, have an adverse e f fec t on natural 
water q u a l i t y . I n i t i a l penetration and d is rupt ion of the ore 
body in the Churchrock mining area increased the concentration of 
dissolved radium in water pumped from the mines from 0.05 - 0.62 
pCi/1 to over 8 pC i /1 . According to company data, the concentrat ion ' 
rose to over 75 p C i / 1 , or at least 75 times the natural concentra
t i on in the two-year period during which the mine was being developed. 
The pattern of increasing radium with t ime, also seen in Ambrosia 
Lake, is being repeated. Ground-water in f low v ia long holes in 
the Kerr-McGee Section 36. mine contain a r e l a t i v e l y low concentra
t i on of dissolved radium-226. Therefore, much of the radium loading 
of mine e f f l uen t is apparently a resu l t o f leaching of ore sol ids 
remaining from mucking and t ransport w i th in the mine. In some cases, 
th i s could be reduced by improved mining pract ices such as pro
v is ion of drainage channels along haulage d r i f t s . 

i . Radium concentrations in Arroyo del Puerto, a perennial stream, 
exceed New Mexico Water Qual i ty C r i t e r i a as a resu l t of discharges 
from the Kerr-McGee ion exchange plant and Section 30W and 35 mines, 

R and from the United Nuclear-Homestake Partners ion exchange p lan t . 
^ » . Selenium and vanadium concentrations exceed EPA 1972 Water Quali ty 
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8. (Continued) 

Criteria for use of the water for irrigation and livestock watering, 
and render the stream unfit for use as a domestic water source. 

9. Company data show that seepage from the Anaconda tailings pond at 
Bluewater averages 183 million liters/year (48.3 million gallons) 
for 1973 and 1974. The average volume injected for the same time 
period was 348 million liters/year (91.9 million gallons). Therefore, 
approximately one-third of the total effluent volume remaining after 
evaporation (531 million liters/year) enters the shallow aquifer,: 
which is a source of potable and irrigation water in Bluewater Valley. 
From 1960 through 1974, seepage alone introduced 0.41 curies of radium 
to the shallow potable aquifer. Adequate monitoring of the movement 
of the seepage and the injected wastes is not underway. 

10. There are indications that waste injected into the Yeso Formation 
by the Anaconda Company are not confined to that unit as originally 
intended in 1960. Three nearby monitoring wells, completed in the 
shallower San Andres Limestone and/or the Glorieta Sandstone, show a 
trend of increasing chloride and uranium with time. Positive 
correlations of water quality fluctuations with the volumes of waste 
injected.̂  are a further indication of upward movement. The absence of 
monitoring wells in the injection zone is a major deficiency in the 
data collection program. I 

11. Rainfall and runoff at the Anaconda Jackpile Mine erode uranium- and ^ ^ 
selenium-rich minerals into Rio Paguate. This erosion can be mitigated 1 
by waste stabilization and runoff control. -nJ 

12. The maximum concentration of radium observed in shallow ground water ^^ 
adjacent to the Kerr-McGee mill at Ambrosia Lake was 6.6 pCi/1. j 
According to company data, seepage from the tailings ponds occurs at B|| 
the rate of 491 million liters/year (130 million gallons/year). This Pi 
is 29 percent of the influent to the "evaporation ponds" and attests 
to their poor performance in this regard. Radium and gross alpha in the 
seepage are 56 pCi/1 and 112,000-144,000 pCi/1 _, respectively. Total 
radium introduced to the ground water to date is estimated at 0.7 curies. 
Wells completed in bedrock and in alluvium, and located near watercourses - y 
containing mine drainage and seepage from tailings ponds, contain H 
elevated levels of TDS, ammonia, and nitrate. One well, which contained ™ 
1.0 pCi/1 in 1962 now is contaminated with 3.7 pCi/1 of radium. ^ 
Sorption or bio-uptake of radium is pronounced, hence concentrations now Iii 
in ground water are not representative of ultimate concentrations. ^ 

13. Water-quality data from 11 wells over a 200-square kilometer area in 
the Puerco River and South Fork Puerco River drainage basins reveal 
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(Continued) 

essentially no noticeable increase in concentrations of radio
nuclides or common inorganic and trace constituents in ground water 
as a result of mine drainage. Natural variations in the uranium 
content of sediments probably account for differences in radium con
tent in shallow wells. Dissolved radium in shallow ground water 
underlying stream courses affected by waste water is essentially un
changed from areas unaffected by mine drainage. None of the samples 
contained more than recommended maximum concentrations for radium-226, 
natural uranium, thorium-230, thorium-232, or polonium-210 in drink
ing water. However, the paucity of sampling points and the absence 
of historical data make the foregoing conclusion a conditional one, 
particularly in the reaches of the Puerco River within approximately 
10 kilometers downstream of the mines. 

14. Four wells sampled in the vicinity of the Jackpile mine near Paguate 
contained 0.31 to 3.7 pCi/1 radium-226.. With the exception of the 
latter value from the new shop well in the mine area, remaining 
supplies contain 1.7 pCi/1 or less radium. The Paguate municipal 
supply contains 0.18 pCi/1. None of the wells were above maximum per
missible concentrations (MPC) for the other common isotopes of uranium, 
thorium, and polonium. Ground water from the Jackpile Sandstone may 
contain elevated levels of radium as a result of mining activities. 
Mine drainage water ponded within the pit contained 190 pC1/l radium 
and 170 pCi/1 of uranium in 1970. The impacts of mining on ground
water quality downgradient from the mining area are unknown due to the 
lack of properly located monitoring wells. No adverse impacts from 
mining on the present, water supply source for Paguate are expected. 

15. Of the 71 ground-water samples collected for this study, a total of 
6 had radium-226 in excess of 3 pCi/1 PHS Drinking Water Standard. 
Two of the 6 involved potable water supplies. One containing 3.6 
pCi/1 serves a single family and is located adjacent to Arroyo del 
Puerto and downgradient from the mines and mills in Ambrosia Lake. The 
second contains 3.7 pCi/1 and is used as a potable supply for the labor 
force in the new shop at the Jackpile Mine. 

16. The highest isotopic uranium and thorium, and polonium-210 contents 
for any potable ground-water supplies sampled in the study area are 
less than 1.72% of the total radionuclide population guide - MPC as 
established in NMEIA regulations. 

17. The lowest observed concentration (background levels) in ground water 
are summarized as follows: 
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Range pCi/1) 

0.06 - 0.31 
0.27 - 0.57 
0.013 - 0.051 
0.010 - 0.024 
14 - 68 

Ave rage (pCi/1) 

0.16 
0.36 
0.028 
0.015 
35 

17. (Continued) 

Radionuclides' 

Radium-226 
Polonium-210 
Thorium-230 
Thorium-232 
U-Natural i^ - oa jo U l 

18. The uranium isotopes (uranium 234, 235 and 238) are the main contr ibutors ''"^ ^ 
to the gross alpha r e s u l t ; however, in several determinations, gross ' ' _ j ^ 
alpha underestimated the a c t i v i t y present from natural uranium. wM 

19. Ho cor re la t ion was found between gross alpha content of 15 pCi/1 
( including uranium isotopes) and a radium-226 content of 5 pCi /1 . H i 

^ ! 
20. I t is doubtful that the gross alpha determination can even be used' as' '[ .• 

an indicator o f the presence of other alpha emitters (e .g . U-natural and ' - - " - t ^ 
polonium-210); and since the gross alpha resu l ts have such large e r ro r ' B 
terms, no meaningful determination of percentage of radionuclides to "gross" 
alpha can be impl ied. '" • 

21, Gross alpha determinations also fa i l ed to indicate the possible presence-
of lead-210 (pr imar i l y a beta emitter) which, because of the lower MPC 
of 33 p C i / 1 , may be a s ign i f i can t contr ibutor to the radio logical health' 
nazard evaluation of any potable water supply. i 

I 22. Radium-226 in ground water is a good radiochemical indicator of waste-' • -
water contamination from mines and-milIs. Due to the low maximum per- ' 
missible concentration, it also provides a good means for evaluating • -, 
health effects. Selenium and nitrate also indicated the presence of '' .BU 
mill effluents in ground water, Polonium-210, thorium-230 and thorium- H 
232 concentrations in ground water fluctuate about background levels and- ' ^ 
are poor indicators of ground-water contamination from uranium mining 
and milling activities. ^ • 

23. For routine radiological monitoring of potable ground-water supplies, 
isotopic uranium and thorium and polonium-210 analyses do not appear to 
be necessary due to their high maximum permissible concentrations 
(chemical toxicity of uranium may be a significant limiting factor, 
however). 
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VII. STREAM SURVEYS 

When the mines and mills were evaluated, selected stream stations 

were sampled to determine the effect of mine and mill discharges on 

water quality. The New Mexico Water Quality Standards limit the radium 

concentration in surface streams to a maximum of 30 pCi/1. Data on the 

samples collected from surface streams are, provided in Table 3. 

ARROYO DEL PUERTO 

Arroyo del Puerto receives waste from the United Nuclear-Homestake 

Partners and Kerr-McGee ion-exchange plants and from Kerr-McGee Section 

30W and 35 mines. There is no flow in the creek upstream of these 

discharges, 

Radium-226 concentrations of samples collected downstream from the 

Kerr-McGee mill were from 45 to 50 pCi/1, These concentrations not only 

violate the New Mexico Water Quality Standards, but exceed the AEC 

criteria (30 pCi/1) for radium in water discharged to an unrestricted 

environment. Radium concentrations in Arroyo del Puerto decreased near 

the mouth to levels ranging from 6,1 to 7.2 pCi/1, This decrease is d.ue 

to the adsorption of radium on sediment and/or vegetation. During 

periods of heavy run-off, the radium concentration can be expected to 

increase due to scouring of the stream bed. 

The selenium concentration of Arroyo del Puerto downstream from the 

Kerr-McGee mill was 0.15 mg/l, decreasing to 0.04 mg/l near the mouth..̂  

Vanadium concentrations in Arroyo del Puerto near the Kerr-McGee mill 

averaged 0.8 mg/l, increasing to 1,1 mg/l near the mouth. Selenium and 

^ t't-'. 



Table 3 

S(/MM4/fy OF AtlALrTICAL DATA 
FOB 

SURFACE WATER SAMPLJUG 

Number 
Ion Description of 

Samples 

lyo del Puerto downstream 
.err-McGee Mill 

lyo del Puerto near the mouth 

Mateo Creek 
ighway 53 Bridge 

Puerco downstream of 
chrock Mines 

Puerco upstream 
ingate Plant 

Puerco at Highway 666 Bridge 

Paguate at Paguate 

Moquino upstream of 
pile Mine ' 

Paguate at Jackpile Ford 

Paguate at Paguate 
rvoir Discharge 

San Jose at Interstate Bridge 

3 

Gross 

Max. 

1,700 

1,500 

_ 

500 

510 

350 

-

_ 

-

-

-

Alpha (pCi/1) 

Min. 

1.400 

750 

-

470 

720 

210 

-

_ 

-

-

-

Avg. 

1.500 

1.100 

1,000 

490 

440 

250 

2.8 

11.2 

270 

230 

38 

Radium-226 

Max. 

50 

7.2 

_ 

2.60 

1.63 

0.42 

-

_ 

-

-

-

Min. 

45 

6.1 

-

0.97 

0.36 

0.09 

-

_ 

-

-

-

(pd/l) 

Avg. 

47 

6.5 

1.09 

2.04 

0.81 

0.22 

O.ll 

0.17 

4.8 

1.94 

0.37 

Urani 

Max. 

12 

6,6 

-

5.0 

4.8 

2.5 

-

« 

-

-

-

um (mg/l) 

Min. 

5.0 

4.7 

. 

3.8 

3.7 

1,7 

-

_ 

-

-

-

Avg, 

7.7 

5.8 

4.7 

4.2 

4.2 

2.0 

<0.02 

<0.02 

1.2 

1.1 

0.10 

Selenium (mg/l) 

Max. Min. 

0,16 0.13 

0.07 0.01 

_ 

0.07 0.03 

0.01 0,01 

<0.01 <0.01 

-

_ _ 

-

-

-

Avg. 

0,15 

0.04 

0.02 

0.04 

0.01 

<0.01 

<0.01 

<0.01 

<0,05 

<0.01 

<0.01 

Vanadi 

Max. 

1,0 

1.9 

. 

0,6 

0.9 

0,6 

-

_ 

-

_ 

-

um (mg/l) 

Min. 

0.6 

0.5 

-

0.5 

0.3 

0.3' 

-

^ 

-

.. 

-

Avg. 

0.8 

1.1 

<0.3 

0.6 

0.6 

0.5 

0.6 

1.8 

0.5 

0.6 

0.3 

CO 
(JO 
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vanadium have harmful effects when present in high concentrations in 

water used for irrigation or livestock watering. The 1972 EPA Water 

Quality Criteria (Committee on Water Quality Criteria, 1972) suggests 

that irrigation waters not exceed 0.02 mg/l selenium and 0.1 mg/l va

nadium, while livestock waters should not exceed 0.05 mg/l selenium and 

0.1 mg/l vanadium. On this basis, Arroyo del Puerto is rendered unfit 

for irrigation and livestock watering by the uranium mining discharges 

throughout its entire length. This is contrary to New Mexico Water 

Quality Standards which require that discharges not render a water unfit 

for a beneficial use. 

The flow of Arroyo del Puerto enters Sari Mateo Creek where the 

entire flow enters the aquifer within three miles of the confluence. 

This recharge adds a large loading of radium and selenium to the ground 

water. Ground-water evaluations by ORP-LVF will address this question. 

RIO PUERCO 

The Rio Puerco receives drainage from Kerr-McGee and United Nuclear 

Corporation Churchrock mines. Samples collected downstream from these 

discharges contained a maximum radium-226 concentration of 2.6 pCi/1 

[Table 3], The concentration decreased to 0,4 pCi/1 at the town of 

Gallup. These concentrations meet the New Mexico Water Quality Criteria 

of 30 pCi/1, as well as the PHS Drinking Water Standard of 3 pCi/1 for 

radium-226. Selenium concentrations downstream from the mine discharges 

ranged from 0,03 to 0.07 mg/l for an average of 0.04 mg/l, or four times 

PHS Drinking Water Standards. The selenium.concentration decreased 

downstream to 0.01 mg/l at the Wingate plant and to less than detection ; 

limits at Gallup. 

I 
i 
• 
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GEOLOGY AND HYDROLOGY IN THE VICINITY OF THE 
INACTIVE URANIUM MILL TAILINGS PILE, 

AMBROSIA LAKE, NEW MEXICO 

by 

W. D. Purtymun, Caroline L. Wienke, David R. Dreesen 

ABSTRACT 

A study was made of the geology and hydrology of the immediate area 
around a uranium mill at Ambrosia Lake, New Mexico. The mill was in 
operation from June 1958 through April 1963 and produced 2.7 X10° kg of 
tailings. The possible enviromnental consequences of this inactive tailings 
pile must ^rs t be delineated so that stabilization needs and future stabiliza
tion success can be properly assessed. 

The Ambrosia Lake area is underlain by over 1000 m of alternating 
shales, siltstones, and sandstones that dip gently to the northeast into the 
San Juan Basin, Water-bearing sandstones make up less than 25% of this 
sedimentary section. Water quality in the sandstones is fair to poor, with 
total dissolved solids ranging from 500 to over 2000 mg/i. 

The present total volume of tailings is estimated at 1.5 X 10° m^ and 
ranges in thickness from about 1 to 10 m. The tailings pile is underlain by 
the Mancos shale which dips to the northeast. The shale is about 120 m thick 
with three interbedded silty sandstones that are about 9 m in thickness. One 
of these sandstones outcrops beneath the western part of the pile; the 
eastem part of the pile is underlain by shale. Ground water in the shales 
and sandstones beneath the pile is recharged by runoff north ofthe pile and 
from three ponds located north, northeast, and east of the pile. The move
ment of water in shale and sandstones is to the southwest. Secondary 
recharge to the water in the shales and sandstone is from the basin within 
the tailings pile. Water in the southeast part of the tailings basin is forming 
a ground water mound above the underlying sediments. 

The major transport mechanisms of tailings and possible contaminants 
from the pile include wind erosion, surface water runoff, movement of 
ground water beneath the pile, and gaseous diffusion from the pile (radon). 

• 

I. INTRODUCTION as fuel in nuclear reactors to produce energy in the 
form of electricity. Uranium is recovered by several 

The Ambrosia Lake area is a major producer of milling processes which generate wastes in the form 
uranium in the United States. The uranium is used of mill tailings. The tailings are confined in areas 



adjacent to mills by a series of dikes that retain the 
slime-sand-water mixture. These tailings piles con
stitute a potential source of contaminants to air, 
water, soiL and biota. 

The Los Alamos Scientific Laboratory (LASL) is 
conducting a study to determine the possible en
vironmental consequences of such a tailings pile, so 
that optimum stabilization can be proposed and the 
degree of its success documented. This particular 
pile was selected because it is no longer in use. It is 
located in the Ambrosia Lake Mining District in 
northwestern New Mexico, about 40 km north of 
Grants (Fig. 1). The tailings in this pile were 
produced from milling about 2.7 X 10° kg of 
uranium ore, from June 1958 to April 1963, by the 
Phillips Petroleum Company. United Nuclear Cor
poration purchased the mill in March 1963 and 
closed the mill permanently the next month.' 

A LASL engineering survey was conducted of the 
pile during May 1976, and a general reconnaissance 

PHILLIPS PETROLEUM TAILINGS PILE 

5 10 km 
I I 

SCALE 

Fig. 1. 
Location of the Phillips Petroleum Company 
tailings pile. 

has been made of the immediate area. Literature 
searches were conducted on uranium ore milling 
procedures and on the geology and hydrology of the 
area. Test drilling was conducted in July 1976 to 
delineate groundwater and physical characteristics 
in, and adjacent to, the pile. The drilling was a joint 
effort of LASL and Ford, Bacon and Davis, Utah 
Inc, Salt Lake City, Utah. The latter were under 
contract to the Energy Research and Development 
Administration (ERDA) for an independent study 
of inactive uranium mill tailings piles. 

This report describes the geohydrologic regime of 
the area and provides support for continuing studies 
related to the identification and inventory of con
taminants in the pile, the distribution and effects of 
contaminants in the adjacent ecosystems, and 
transport mechanisms of contaminants from the 
pile. Contents include an outline of the regional 
geology and hydrology, physical characteristics of 
the tailings pile, and the local geologic and 
hydrologic conditions of the pile and the adjacent 
area. Five appendices are attached; Appendix A 
consists of geologic logs in the area; Appendix B con
tains water quality data related to mines and an ac
tive mill tailings pile monitoring net; Appendix C is 
the LASL engineering survey; Appendix D contains 
geologic logs, well construction, and hydrologic data 
resulting from test drilling in July 1976; and Appen
dix E presents diagrammatic maps of the original 
land surfaces, topography on top of the pile, and 
water levels in shales and sandstone beneath the 
pile. 

I I . R E G I O N A L 
HYDROLOGY* 

G E O L O G Y AND 

The area of study is about 9.6 by 14.4 km and is 
within the southern part of the Ambrosia Lake Min
ing District (Fig. 2). It is a northwest to southeast 
trending valley cut into shales of Cretaceous age. 
Sandstones with some interbedded shales of 
Cretaceous age form the edges of the valley to the 
east and west. Test holes in the area have 

*The regional geology and hydrology presentation is 
taken in part from reports by Barr,' Cooley,' Cooper 
and John,* Craig et al.," Freeman and Helpert,' 
Gordon,' Harshbarger et al.,' Hunt," Kelley,"^" 
Sears et al.," Smith," and Young and Ealy." 
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Fig. 2. 
Geologic map of the Ambrosia Lake area. 
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penetrated rocks, oldest to youngest, from Permian 
through Cretaceous (Appendix A). Alluvium of 
Quaternary age has developed in, and adjacent to, 
the drainage channels. 

Prior to the development of mines and mills, 
stream flow in the major channel, Arroyo del Puerto, 
was intermittent; however, since mining and milling 

development, it is reported that perennial flow oc
curs due to seepage from active mill sites and from 
mine dewatering operations.* The major aquifer in 
the area occurs in rocks of Cretaceous age with 
aquifers of lesser importance in rocks of Permian 
and Jurassic ages. 



A. Geology 

A brief description is made of the lithology and 
thickness of geologic formations in outcrops or 
penetrated by test holes. The presentation is made 
from the oldest to youngest formation, i.e., rocks of 
Permian, Triassic, Jurassic, and Cretaceous ages. 

Geologic units bf Permian age penetrated by test 
holes are the Glorieta Sandstone and the overlying 
San Andres Limestone (Appendix A).^ The Glorieta 
Sandstone is a white to yellowish gray,, thick-
beddedrto-massive sandstone with some siltstone in 
the lower part. The thickness of the formation 
penetrated by one test hole is about 16 m. The 
San Andres Limestone is a light gray limestone with 
some sandy limestone and limey sandstone lenses. 
The unit is thick-bedded-to-massive. The thickness 
reported in the area is about 34 m. 

The rocks of Triassic Age are the Chinle Forma
tion and the overiying Wingate Sandstone.' The 
lower part of the Chinle is a thin-bedded, fine
grained, purple to white silty sandstone with some 
massive brown to purple beds of siltstone and 
mudstone. The middle part is a medium to thick-
bedded, yellow to gray, hard sandstone with some 
lenses of pebbly conglomerate. It contains some 
petrified wood and is cross bedded with minor 
partings of purple to gray siltstone and mudstone. 
The upper part of the Chinle is red to brown or pur
ple siltstone and mudstone with thin sandstone 
lenses and limestone beds. The Chinle Formation is 
about 443 m thick. The Wingate Sandstone is a 
massive cross-bedded, reddish brown to orange 
sandstone with a regional thickness of about 18 m. 

Rocks of Jurassic age overyling the Wingate 
Sandstone are the San Rafael Group and the 
Morrison Formation.' The San Rafael Group is com
posed of four members which in ascending order are 
the Entrada Sandstone, the Todilto Limestone, the 
Summerville Formation, and the Bluff Sandstone. 
The Entrada Sandstone is a red, silty to fine
grained massive sandstone in the lower section 
which is overlain by a massive, reddish orange to 
pink, fine-grained, cross-bedded sandstone. The 
thickness penetrated by two test holes in the area is 
30 and 40 m. The Todilto Limestone overlies the En
trada and is a greenish to dark gray, fine-grained, 
thin-bedded limestone. There has been some 
uranium mined from this formation south of Am
brosia Lake. The thickness ranges from 9 to 13 m. 

Overlying the Todilto is the Summerville Forma
tion. The Summerville is a reddish brown to light 
green and white, fine-grained sandstone with lenses 
of siltstone and shale. The thickness ranges from 99 
to 102 m in this area. The uppermost member ofthe 
San Rafael Group is the Bluff Sandstone, a gray to 
light brown, fine-grained massive, cross-bedded 
sandstone. The thickness in the area ranges froin 30 
to about 90 m. 

The Morrison Formation of Jurassic age is com
posed of three members which, in ascending order, 
are the Recapture Member, the Westwater Canyon 
Member, and uppermost Brushy Basin Member."-"'" 
The Recapture Member is a reddish brown to light 
green and white siltstone with some shale and 
sandstone lenses. The thickness in the area ranges 
from 29 to about 45 m. The Westwater Canyon 
Member is a gray to white and light yellow-brown, 
fine- to coarse-grained, poorly sorted sandstone. 
The sandstone is massive, cross-bedded, and locally 
contains conglomerate lenses as well as clay chert 
pebbles and inclusions of petrified wood fragments. 
The Westwater contains extensive deposits of 
uranium and vanadium ores and is the primary 
source of the mill tailings pile investigated. It is also 
the principal aquifer of the area. The thickness 
ranges from 44 to about 60 m. The uppermost 
Brushy Basin Member is a greenish gray mudstone 
with some lenses of white to brown, coarse-grained 
sandstone and a few thin beds of limestone. The 
thickness ranges from 29 to 52 m. 

Rocks of Cretaceous age are, in ascending order, 
the Dakota Sandstone, Mancos Shale, and Crevasse 
Canyon Formation."-" The Dakota Sandstone is a 
light brown to gray, massive sandstone with local 
beds and lenses of conglomerate and carbonaceous 
material near the base. The sandstones are cross-
bedded in the upper section. The thickness of the 
Dakota ranges from 18 to 24 m. The Dakota 
Sandstone outcrops along the southwestern edge of 
the area (Fig. 2). The overlying Mancos Shale forms 
the floor of the valley and in places is covered by a 
thin veneer of alluvium. The Mancos Shale is a 
thick lithologic unit composed of dark gray, 
calcareous, fissile clay of marine origin. Interbedded 
with the shale are four sandstone beds, each 
generally less than 9 m thick. The upper surface of 
the shale is cut away by erosion in the valley, with 
thicknesses reported from test holes ranging from 52 
to 158 m. East of the San Mateo Fault the shale is 
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about 310 m thick on the downthrown side of the 
fault (Fig. 3). The Phillips mill tailings pile sits 
directly on this shale. The overlying Crevasse Can
yon Formation is composed of shale, claystone, 
siltstone, minor seams of coal, and tan sandstone. 
The formation outcrops in the northeastern part of 
the area and is not considered important to the 
study (Fig. 2). 

Quaternary alluvium occurs along the Arroyo del 
Puerto and in low areas and depressions in the 
valley. The alluvium is derived from the Crevasse 
Canyon Formation and the Mancos Shale and is 
composed of tan to gray silts, sands, gravels, and a 
few cobbles and boulders of sandstone. The 
alluvium may in part be worked by water and in 
places consists of wind-laid sand. The thickness 
ranges from a veneer to as much as 30 m. 

B. Geologic Structure 

The Ambrosia Lake area is underlain by sedimen
tary rocks to depths greater than 1000 m. These 
rocks are part of the structural element known as 
the Chaco Slope, a part of the southern extension of 
the San Juan Basin. The highlands south of the 
Chaco Slope, the Zuni Uplift, have flexed the 
sedimentary rocks so that the general regional dip of 
these units is northward and north-eastward across 
the Chaco Slope into the San Juan Basin. There is 
little if any structure in the southern part of the Am
brosia Lake area except the general dip of the 
sedimentary beds to the northeast at 1 to 3 degrees. 
The older rocks (Dakota Sandstone) outcrop on the 
southwestern edge of the area, while the younger 
rocks (Crevasse Canyon Formation) outcrop to the 
northeast (Fig. 2). Two close spaced, north-south 
trending normal faults in the central part ofthe area 
are downthrown to the east (Figs. 2 and 3). The 
largest fault, the San Mateo Fault, occurs along the 
eastern edge of the area and is downthrown to the 
east about 150 m. 

C. Hydrology 

Major drainage through the Ambrosia Lake area 
is the southeastern trending Arroyo del Puerto that 
is a tributary of San Mateo Creek. Perennial flow in 
Arroyo del Puerto occurs with the release of water 
pumped from the mines and seepage from active 
mill tailings ponds. The flow extends to San Mateo 

Creek where it is lost to evaporation and infiltration 
into the underlying rocks. The gradient on Arroyo 
del Puerto is low and the arroyo tends to meander, 
thus, large areas of marsh grasses, sedges, and cat
tails occur along the channel. Evapotranspiration in 
these areas reduces a large percentage of the flow 
during the summer months. Stream flow losses into 
the Mancos shale are probably quite small; 
however, losses are greater where the channel is cut 
on sandstone units of the Mancos Shale or the 
Dakota Sandstone near the southern edge of the 
area (Fig. 2). Minor amounts of recharge to these 
sandstones occur from stream flow in the arroyo. 

The principal aquifer in the Ambrosia Lake area 
is the Westwater Canyon Member of the Morrison 
Formation. Other aquifers of lesser importance oc
cur in the Glorieta Sandstone, San Andres 
Limestone, the Bluff Sandstone, the Dakota 
Sandstone, and sandstone in the Mancos Shale.* 

These aquifers are principally sandstone and lie 
between shale or relatively impermeable rocks. Of 
the lOOO-m section of sediments underlying the tail
ings pile, about 25% are permeable sandstones and 
75% are relatively impermeable shales or combina
tions of sediment. The sedimentary rocks outcrop to 
the south and southwest and dip gently into the cen
tral basin to the north and northeast. Recharge to 
these sandstone aquifers occurs along these out
crops, principally in some ofthe deeper beds on the 
flanks of the Zuni Uplift where precipitation is 
much greater than in the Ambrosia Lake area. With 
the predominance of shale lying on and between the 
sandstone aquifers, recharge to the aquifers is 
mainly through outcrops. 

The water in the aquifer moves downdip, thus 
wells penetrating these water-bearing units are un
der artesian pressure with the shales overlying the 
sandstones acting as confining layers. When the 
shale and sandstone is penetrated by a test hole, 
water in the sandstone will rise in the bore hole until 
it reaches a static level. There may be some vertical 
leakage from sandstones through joint fractures or 
faults. Also, faults which displace the sedimentary 
rocks may- act as ground-water boundaries to 
restrict the movement of water or as conduits to dis
tribute the water from water-bearing beds to other 
permeable units . Boundaries may increase or 
decrease artesian pressures in the aquifer causing 
irregularities in the piezometric surface of the 
aquifer (imaginary surface representing the static 
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... 

700 
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6.0 
6.2 

7.8 
2.4 
3.7 
5.2 
6.2 
7.4 

5.6 
4.8 
4.2 
7.6 

— 

3.6 
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287 
249 
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252 
209 
243 
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28.̂ )-
253 
314 
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220 
2:10 
53:1 

3(16 

168 

631 

0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4 

0 

23() 
222 
119 
164 
123 
322 
536 
LVS 
136 
165 
293 

1110 
381 
794 
218 
212 
262 

3(16 

1360 

1030 

9 
8 
7 
5 
6 
8 
9 
8 
6 
8 
6 

22 
7 

10 
8 

13 
10 
11 

60 

242 

0.7 

0.6 
0.6 
0.3 
0.4 
0.3 
0.9 
0.8 
1.0 
0.6 
0.3 
I . l 
0.5 
0.6 
0.4 
1.0 

2.4 

0.6 

0.1 
0.2 
0.3 
0.2 

<0.1 
0.2 
0.3 

3.9 
<0.1 

0.1 
<0.1 

1.2 
<0.1 
16. 

<0.1 
4.6 

1.1 

0.6 

606 
611 

478 
426 
718 
945 
477 
4.17 

... 

... 
1880 
834 

1410 
512 
551 
633 
721 

2260 

2370 

98 
100 
44 
80 
16 
58 

172 
116 
150 
151 
154 
332 
240 
782 
164 
66 

302 
240 

81 

1040 

926 
904 
i;ii7 

742 
667 

1103 
1300 
729 
692 
745 

1060 
2520 
1230 
1710 

796 
858 
945 

1090 

2830 

3100 

7.7 
8.0 
8.1 
8.1 
8.3 
8.2 
7.8 
7.6 
7.8 
8.0 

7.9 
7.6 
7.8 
7.3 
8.2 
7.9 
7.7 

8.3 

6.7 

37 

... 
12 
49 

9 
6 

... 
56 

69 
39 
18 

... 

... 
5.6 

2.0 
42.0 

1.4 
1.2 

2.3 

... 

1.1 
10.0 

1.1 

... 

... 

... 

'See Fig. 4 (or liNratJon. 
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head of ground water). The artesian pressures are 
not great enough to cause flowing wells in the Am
brosia Lake area. 4 

The Glorieta Sands tone and San Andres 
Limestone are considered as a single aquifer. Two 
test holes were drilled into these formations in the 
Ambrosia Lake area at depths of 890 and 940 m. The 
formations have yields adequate for a small water 
supply (<4 £/s); however, this water is of very poor 
quality. Chlorides were reported at 240 mg/.6, sul
fates at 1000 mg/i, and total dissolved solids at 2400 
mg/i (Table I, for location see Fig. 4). 

The Bluff Sandstone contains a small amount of 
ground water, but generally is not used due to poor 
quality, depth to water, and low yield (<1 i/s). Test 
holes in the Ambrosia Lake area penetrated the 
Bluff at depths of 250 and 252 m. Chlorides are 60 
mg/i, sulfates 1360 mg/i, and total dissolved soUds 
2260 mg/i (Table I). 

The Westwater'Canyon Member of the Morrison 
is the major producer of uranium ore and is the prin

cipal aquifer in the Ambrosia Lake area, supplying 
the water for domestic and industrial uses. The ore 
bodies being mined are fully or partly saturated. An 
aquifer test, using a pumped well and an observa
tion well in the Westwater (Log III, Appendix A), in
dicated a transmissivity of 120 mVday and a storage 
coefficient of 0.007. These values are considered 
greater than the actuah values due to partial 
penetration of the Westwater by the observation 
well.* Other wells tested in the area indicated low 
transmissivities, so that during the development of 
mines in the Westwater Canyon it was not feasible 
to dewater the ore bodies by pumping from wells.* 
The ore bodies were dewatered during mining opera
tions. During 1962 the pumping rate from eight 
mines in Westwater Canyon ranged from 5 to 46 i/s. 

Contours of the piezometric surface of water in 
the Westwater Canyon Member show a -slight 
ground-water mound that trends west to east (Fig. 
5). Since the water is under artesian pressure, these 
contours do not coincide with the top of the 

4 
E 0.2 km 

RlOW 

T 
14 
N 

T 
13 
N 

o 

R9W 

rdr—TAILINGS 
'—-• PILE 

6 
a 

EXPLANATION 
OWELL 
• MINE 

0 I 2 km 

SCALE 
RlOW 

T 
14 
N 

T 
13 

J 6.5 km 

R9W 

Fig. 4. 
Generalized locations of water quality data from wells and mines. 



• 

RlOW 

R 1997(996 
y ^"=^^^^1995 

-Z 1990^ 

14 
N -HI995 

X + 1 9 9 3 
1 9 9 3 ' + 1 9 9 3 

EXPLANATION 

_ . - - 1 9 8 0 - — - ^ : l - - - \ 
"CONTOURS OF WATER SURFACE ' ^^^ 

+ 
_ DATA POINTS 
l'^ AND ALTITUDE (m) |983 
N 0 i 2 km 

SCALE 
RlOW 

Fig. 5. 
Contour of the piezometric surface of water in the Westwater Canyon Member. 

9 

Westwater Canyon Member. The ground-water 
mound indicates differential artesian pressures in 
the aquifer. It may be a coincidence; however, the 
mound shows the same general trend as the ore 
bodies in Westwater Canyon.'^ 

Dewatering of the ore bodies over the past 20 yr 
has removed a large volume of water from the 
Westwater Canyon Member. Some of this water is 
used for mining and milling. Several of the mines 
are using the water for secondary recovery by solu
tion mining. The water is pretreated, injected into 
low-grade deposits, and recovered through bore 
holes. It is then processed to recover uranium from 
the solution. The quality of water is better than that 
found in other aquifers in the area, but is un
desirable for domestic use (Table II). Gross-beta ac
tivity for both mine pumpage and domestic supply 
ranged from 6 to 69 pCi/i while "°Ra ranged from 
1.1 to 42 pCi/i (Table I). Trace elements in pum

page from mines in the Westwater Canyon Member 
were analyzed in 1976 (Appendix B). 

The Dakota Sandstone contains small quantities 
of ground water and generally yields <1 i/s. In the 
mine shaft nearest the tailings pile (Fig. 4) the in
flow was from the updip side of the shaft indicating 
the sandstone had been drained to the level of the 
shaft on the downdip side.* The sulfates in the water 
are quite high (Table III). Gross-beta measurements 
in water from the Dakota Sandstone were 18 and 75 
pCi/i while "°Ra concentrations were 2.7 and 27 
pCi/i for the two samples analyzed (Table I). 

The shale units ofthe Mancos Shale are not con
sidered aquifers due to low permeability and poor 
quality of water. The sandstone lenses interbedded 
with the shales do contain some water, but due to 
the silty character of the sandstone and limited 
thickness do not yield large volumes of water. The 
quality of water is poor, as indicated by the one 



TABLE II 

KANGE IN CONCENTRATIONS FOR SULFATES, CHLORIDES, 

AND TOTAL DISSOLVED SOLIDS FOR MINE DRAINAGE AND DOMESTIC SUPPLY" 

mg/i . 

Mine Water 

Domestic 

No. of 
Analyses 

11 

7 

^Complete analyses are 

TABLE III 

Sulfate 

Min Max 

119 

212 

given in 

536 

1110 

Table I. 

durin 

Chloride 

Min Max 

6 

7 

R its 

9 

22 

5-yr pel 

Total Dissolved 
Solids 

Min 

437 

512 

riod of 01 

Max 

611 

1880 

Deration 

RANGE IN CONCENTRATION OF 
SELECTED CHEMICALS IN 

WATER FROM MINE DRAINAGE" 
mg/i 

Sulfates Chlorides 

Min 

500 

Max 

850 

Min Max 

25 

Total Dissolved 
Solids 

Min Max 

1050 1410 

have averaged 0.23% UJOB." 

Uranium was extracted from the ores using a car
bonate leaching process in which the alkaline mill 
so lu t ions were c o n t i n u o u s l y r ec i r cu l a t ed , 
regenerated with caust ic soda for u ran ium 
precipitation, and recarbonated with CO2 and soda 
ash as required. The uranium was leached from the 
ores in pressurized Pachuca tanks. The waste was 
separated from the uranium in the leach solution in 
three stages of drum filters and then pumped to the 
tailings pile.' 

"Four samples, complete analyses are given in Table 
I. 

analysis in the area. Sulfate was 1940 mg/i, chloride 
76 mg/i, and total dissolved solids 3340 mg/i (Table 
I). 

I I I . P H I L L I P S P E T R O L E U M C O M P A N Y 
MILL TAILINGS PILE 

The Phillips Petroleum Company mill -tailings 
pile is located near the center of the Ambrosia Lake 
Mining District (Fig. 1). The ore processed at the 
Phillips Petroleum Company mill consisted, at least 
in part, of ore mined from the adjacent mine. The 
specific uranium mineral present in this ore is 
assumed to have been coffinite, U(Si04)i.x (0H)4x." 
Other sandstone ores from the Ambrosia Lake area 
contain uraninite, (U'lf,, Ui°)02+x and carnotite, 
K2(U02)2(V04)2-1-3H2'0, as well as coffinite." Ore 
processed at the Phillips Petroleum Company mill 

A, Physical Characterist ics 

The tailings pile is located west of the mill 
building (Fig. 6). Access to the top ofthe pile can be 
made by vehicle from ramps located on the east-
central, south-central, and the southwest corner of 
the pile. 

The tailings consist of clays, silts, very fine sand, 
and fine sand-size particles described in the milling 
process as "slimes." The slimes, containing fluids 
and chemicals used in the process, account for 20-
25% volume ofthe tailings."•"•" The remaining por
tion of the tailings is made up of medium-to-coarse 
sand-size particles described as sands. They ac
count for 75 to 80% of the volume. The taihngs were 
pumped as a slurry to the tailings pile. Four dikes 
were built to hold the slurry pumped from the mill. 
The slurry was discharged through pipes placed 
along the inner side of the dikes. The sands settled 
out first near the points of discharge next to the 
dikes while the fluids and slimes accumulated in the 
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Fig. 6. 
Drainage area showing location of ephemeral 
stream, ponds, mill, and mines in relation to 
tailings pile. 

depression between the dikes. As the diked area 
neared capacity, a second tier of dikes was construc
ted along the southern and westem edges of the 
pond. If a second tier was constructed along the 
eastern edge, it is not obvious since wind-deposited 
tailings have covered the dike. The northern dike, 
consisting of only one tier, is composed of shale and 
silty sandstone, as are the first-tier dikes on the 
southern and western side of the pile. The second-
tier dike on the southern and western side appears 
to have been constructed in part with tailings and in 
part with shale and silty sandstone. The average 
height of the southern dike (2 tiers) is about 9 m 
while the north dike (1 tier) averages 4 m in height. 
The height of the dikes on the east and west 
decreases gradually to the north. 

A topographic survey was made ofthe tailings pile 
and adjacent area in May 1976 (Appendix C). The 

pile is roughly a square, about 620 m on a side, with 
a surface area of about 3.7 X 10' m^ Contours of the 
surface of the tailings pile reveal a shallow basin 
with the lowest point located in the south-central 
portion of the pile (Fig. 7). The relief from the low 
area to the northern edge of the dike is about 9 m 
while the relief to the eastern, southern, and western 
edges of the dike is about 3 to 4 m. The total volume 
that the basin will hold to the "spill point" is es
timated at 3 X 10' m^, as derived from contours (Fig. 
7 and Appendix E). 

The thickness of the tailings pile was determined 
using the depth at which it became difficult to drive 
four well points into the pile (Appendix D), the sur
veyed elevations adjacent to the pile (Appendix C), 
and the field interpretation of gamma logs in six test 
holes." Based on this data, a map was prepared 
showing the topography of the original land surface 
underlying the pile (Fig. 8 and Appendix E). The 
con tours show a depress ion b e n e a t h t he 
southeastern corner of the pile that becomes less 
pronounced to the north. Other than this depres
sion, there is little evidence of a large amount of 
shale or silty sandstone removed from beneath the 
pile. Some sediments were removed to the south and 
west ofthe pile which were probably used for dikes. 

An isopach (thickness) map of the tailings was 
prepared (Fig. 9) using the topographic contours on 
top of the taihngs pile (Fig. 7) and contours on the 
original land surface (Fig. 8). The thicker section of 
tailings coincides with the depression in the 
southeast corner and along the dikes on the 
southwest. In these areas the tailings are about 10 m 
thick and decrease to less than 1 m to the northeast 
and 2 m to the northwest. Integrating area with 
thickness, the volume ofthe tailings in the pile is es
timated at 1.5 X 10° m^ The volume ofthe earthfill 
dike that projects into the basin was excluded from 
the calculation. 

About 2.7 X 10° kg of mill tailings were released 
into the pile during the operation ofthe mill. It has 
been reported that 0.36 X 10° kg were removed and 
used as mine fill, leaving an estimated 2.3 X 10° kg 
in the pile." The bulk density of the tailings has 
been estimated at 1.6 g/cm'.'"' Based on this density 
and 2.3 X 10° kg of tailings material, the volume of 
tailings in the pile is 1.4 X 10' m'. This compares 
favorably with the volume calculated from the 
isopach map (Fig. 9). 
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Fig. 7. 
Topographic contours of the tailings pile. 

B, Surface Water Runoff and Ponds 

The rim rock along the edges of the valley is 
covered with some piiion and juniper; vegetation in 
the valley floor is desert grassland. Salt grasses and 
sedges are found along the channel ofthe Arroyo del 
Puerto. The ponds adjacent to the mill tailings pile 

support some sedges and cattails, while the larger 
pond northeast of the pile supports a dense growth 
of salt cedar. 

The climate of the area is semiarid. The annual 
average precipitation is about 25 cm, more than 
one-half of which occurs from late June to mid-
September." As a result of high insolation, low 
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Fig. 8. 
Topographic contours of original land surface beneath the tailings pile. 

relative humidity, and a mean annual temperature 
of about 11°C, the average evaporation from shallow 
reservoirs is about 135 cm annually, or 5 times the 
annual precipitation (Table IV). The months of 
greatest evaporation loss include the months of 
greatest precipitation (June-September). 

The ephemeral pond within the tailings basin was 
dry in July 1976. After rains in late July and August 
the pond began to fill. It had a surface area of about 
40 X 10= m' on August 19. Precipitation (2.29 cm) on 
the evening of August 19 expanded the pond surface 
area by about 5 X 10' m^ on August 20 (Fig. 10). The 
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Fig. 9. 
Isopach (thickness) map of the tailings. 

inflow of water as the dike to the north was breached 
early on August 21 expanded the surface area to 
about 60 X 10' m^ based on high water marks. The 
level ofthe pond decUned 0.11 m from August 21 to 
September 14, or at a rate of 4.6 X 10"' m/day. 
Measurements on September 13 and 14 indicated a 
decline of 5.0 X 10"' m/day. These rates of decline 
are about the same magnitude as the average daily 

shallow reservoir evaporation, indicating little water 
loss from the pond into tailings. 

There are three ponds adjacent to the mill tailings 
pile (Fig. 6). The largest (surface area -8.4 X 10' 
m^), located northeast ofthe pile, is used for storage 
of water pumped from a nearby mine and is used in 
mining operations. The depth of water in this pond 
is >1 m. 
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TABLE IV 

MONTHLY SHALLOW RESERVOIR LOSSES 
DUE TO EVAPORATION 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Percent of 
Annual 

Evaporation 

1 
1 
5 
9 

14 
17 
16 
14 
12 
6 
3 
2 

cm 

1.4 
1.4 
6.7 

12.1 
18.9 
22.9 
21.6 
18.9 
16.2 
8.1 
4.1 
2.7 

A smaller pond (surface area ~3.2 X 10' m^) Hes 
north of the tailings pile. This pond is generally <1 
m in depth. After a period of heavy rainfall,(2.29 
cm) on August 19, this pond was filled to within 8 
cm of the top of the dike. The following evening 
heavy rain (1.08 cm) caused the pond to overflow, 
breaching the dike and allowing water to flow into 
the basin within the tailings pile. The breach in the 
dike caused by the inflow of water was about 5 m 
long and 0.7 m deep and cut down to an elevation of 
2134 m. The volume of inflow was calculated as 9.5 
X 10' m' from high water marks on the north side of 
the dike. The water cut a deep channel into the sur
face of the pile as the water drained into the basin. 
The volume of tailings cut from the channel was es
timated at 560 m'. These transported tailings built a 
fan out into the pond (Fig. 10). 

The pond east of the tailings pile contains sewage 
effluent. The diked area of this pond is ^3.7 X 10' 
m^, although the ponded area is only ^ l . l X 10' m^. 

100 135.0 

• 

• 

Fig. 10. 
Map showing shore line as a result of precipitation, Aug-Sept 1976. 
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The depth of water in this pond is usually <1 m. 
Several other ponds are located east and northeast 
of the mill to catch runoff from part ofthe drainage 
(Fig. 6). 

Other catchment areas worthy of mention are 
assessment pits north of the tailings pile and broad 
depressions that are located north of the pile and 
along the south edge of the pile between the toe of 
the dike and the road. There are approximately 100 
assessment pits in the quarter-section north of the 
pile, ranging in size from 5.5 m long X 5 m wide X 
0.75 m deep to 17 m long X 6 m wide X 2 m deep. 
The mean capacity of the assessment pits is 57 m'. 
The potential retention of surface runoff is about 5.7 
X 10' m' from the drainage to the north. The broad 
depressions north and south of the pile, when filled 
after heavy rains, have surface areas of approx
imately 20 X 10' m^ and 50 X 10' m^ respectively. 

The drainage area above the taihngs pile and in
cluding the mill is about 11 X 10° m^ The altitude 
at the upper end of the drainage (Roman Hill) is 
about 2508 m and at the mill tailings pile is about 
2130 m. Two well-defined channels carry runoff 
from Floman Hill. The eastern-most channel is 
about 2300 m long with a gradient of 0.03. Runoff in 
this channel is collected in three ponds east of the 
mill (Fig. 6). The channel to the west is about 3800 
m long with a slightly steeper gradient of 0.09; 
however, as the channel emerges into the valley, the 
gradient decreases rapidly. About 1100 m north of 
the taihngs pile the channel braids out and disap
pears into the area of numerous assessment pits. 

The drainage from the north is allowed to pond on 
the north side of the pile. Subsequent drainage is 
around the pile on the western side where silty 
sandstone was removed to build the lower part of 
the dikes. Examination of the area indicates recent 
significant channel erosion in the shale near the 
northwest corner of the pile. There has been no ero
sion of the lower part of the dike by this channel. 

The top of the dike is composed partly of sandy 
tailings that are subject to erosion by runoff which 
transports the tailings into the basin as well as down 
the outer edges of the dikes. The west dike is 
breached about 180 m north of the southwest corner 
and drains an area of approximately 3.5 X 10' m^ on 
the pile. The south dike is breached about 90 m east 
of the southwest corner and drains an area of ap
proximately 5 X 10' m^ on the pile. Erosion has 

carried a significant amount of tailings into depres
sions on the south and west sides of the pile. 

Meandering channels have cut into the surface of 
the pile carrying tailings into the basin. The chan
nels on the north and western side of the basin are 
the most prominent. Most of these channels are less 
than 1 m deep and meanders are common. The 
meanders are characteristic of cutting on a 
relatively hard surface. The channels serve to collect 
a part of the fine-grained tailings transported by 
wind across the top of the pile. Runoff in these 
channels transports the fines into the basin, adding 
to the accumulation of slimes. 

The surface of the pile is subject to wetting and 
drying cycles from intermittent precipitation. As 
precipitation infiltrates, it dissolves chemicals. Dur
ing the drying cycle, the water in the tailings and 
chemicals are returned to the surface where the 
water evaporates and chemicals remain, leaving a 
hard crust. 

The "spill point," or lowest edge of the dike as 
related to the pond in the basin, is the low area 
about 230 m north of the southwest corner. The 
elevation is about 2133 m (Appendix D), The es
timated volume that the basin will hold is about 3 X 
10* m', which would contain a surface area of about 
1,9 X 10' iii^ If the total annual precipitation oc
curred in a day, it would have a volume of 9 X 10* m' 
(0,25 m X 3.7 X 10' m^) over the area of the pile or 
fill the basin between the 2130 and 2131 contours 
(Fig. 7), However, runoff from the drainage north of 
the pile, entering the breach in the north dike, could 
cause this basin to overflow and in time would cause 
loss of pile integrity. The pond contains water in the 
late summer, during the winter, and in early spring 
and is dry during the late spring and early summer. 
The largest volume of water is lost to evaporation. 
Test holes in the eastern part of the pile indicate 
that a small volume infiltrates to the tailings and 
reaches a small body of water perched in the un
derlying formation. 

The mill was active for 58 months, June 1958 to 
April 1963, during which time about 2.7 X 10° kg of 
tailings were discharged t(D form the pile. The 
amount of water released with the tailings is es
timated at about 9.5 X 10"' m' per 1X 10' kg of tail
ings or about 2.6 X 10° m' of fluids." 

A water budget was prepared for the 58 months of 
operation to provide an estimate of loss of water 
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from the milling operations into the underlying for
mations. The volume of water discharged into the 
pond during milling operations was estimated at 2.6 
X 10° m' (Table V). Annual precipitation to the pile 
was estimated at 25 cm over an area of 3.7 X 10' m' 
(present area of pile), or about 46 X 10* m' for the 58 
months. The total volume of water to the pile (mill
ing operation and precipitation) was 306 X 10* m' 
(Table V). 

Fluid remaining in ' the tailings pile was es
timated at a moisture content of 36% of the 1.5 X 
10° m' volume, or about 54 X 10* m' of water. 
Shallow reservoir evaporation was estimated at 656 
cm for the 58-month period. The area of the pond 
used for the calculations was 1.8 X 10* m^ (=^0.5 the 
present area of pile). Thus the total evaporation was 
estimated at about 118 X 10* m'. To complete the 
budget, the loss due to seepage was calculated at 134 
X 10* m'. Seepage loss was about 44% of the total 
fluids released into the pond. 

The estirnated daily seepage loss of 75 m' over an 
area of 1.8 X 10' m^ would indicate a loss of fluids at 
about"4 X 10"* m/day into the tailings and underly
ing formations. 

^ 2 / 3 0 ^ . ^ ^ 
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\ 
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Fig. 11. 
Topography adjacent to tailings pile. 

C. Geology - Hydrology 

The topography in the area slopes gently to the 
southwest at about 0.02 (Fig. 11). The area is un
derlain by shales and silty sandstones of the Mancos 
Shale. There is little if any alluvium overlying the 
Mancos Shale in the area adjacent to the pile. The 
upper thickness of the shale has been eroded off 

TABLE V 

WATER BUDGET 
DURING MILL OPERATIONS 

June 1958-April 1963 

Fluids with tailings 
Precipitation 
Fluids remaining in pile 
Evaporation 
Seepage 

m' X 

To Pile 

260 
46 
— 
— 
... 

10* 

Loss 

... 

... 
54 

118 
134 

306 306 

leaving only the lower units beneath the pile. Struc
tural contours on the top of the Dakota Sandstone, 
i.e., base of the Mancos Shale, indicate that the 
beds dip at 0,03 to the northeast (Fig. 12). An 
isopach map shows the Mancos Shale thickening 
from about 100 m to 200 m, or at a rate of 0.05 to the 
northeast (Fig. 13). 

Three silty sandstones within the lower part ofthe 
Mancos Shale have been mapped or logged as per
sistent in the area (Log V, Appendix A). The 
thicknesses ranged from 8,5 to 10,1 m interbedded 
with the shale (Fig. 13). The uppermost sandstone 
bed outcrops beneath roughly the western two-
thirds of the tailings pile. 

Seventeen test holes, ranging in depth from 3.8 to 
14,3 m, were drilled around the edges ofthe tailings 
pile during July 1976, Seven other test holes and 
four well points were drilled or driven into the tail
ings pile. Logs, casing schedules, and other 
hydrologic data related to these test holes are 
presented in Appendix D. Hydrologic data were 
used to construct a map showing the water table and 
an approximate line of silty sandstone and shale 
contact (Fig. 14). For graphic representation ofthe 
water table see Appendix E. 
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Fig. 12. 
Structure contours on the top of Dakota Sand-
stone (base of Mancos Shale) in meters. 

The water table beneath the pile slopes 
southwestward at depths of about 3,3 m at the 
northeast corner of the pile to about 10.3 m at the 
southwestern corner. The major influence or 
recharge to the shallow aquifer is from the ponds to 
the north and northeast of the pile. Summer runoff 
collecting along the north dike also adds to the 
recharge. 

Water is within the shale member under roughly 
the eastern third of the pile and in the silty 
sandstone under the western two-thirds. There is 
probably some loss downdip into the sandstone to 
the northeast. The major movement of water is to 
the southwest, as shown by the contours. 

Water in the tailings occurs in the southeast cor
ner ofthe pile that coincides with the thicker section 
of tailings. This water is higher than the water table 
in the shale or sandstone and constitutes a mound of 
recharge to the lower aquifer. The water in the tail
ings is probably in part a residual of that discharged 
with the tailings and part infiltration of water from 
precipitation that collects in the basin within the 
tailings pile. 

Two cased test holes located at the southeast and 
southwest comers adjacent to the pile were used as 
observation holes when the mill was active. These 
holes, 6.4 and 8.8 m below land surface, are now 
dry. There was probably a large loss of water from 
the pile during the operations of the mill that 
resulted in a higher water table in the shales and 
silty sandstones than now exists. Since operations 
have ceased, the water table has dropped. 

Recharge in the area of the tailings pile to the 
water in shale and silty sandstone is mainly from 
the existing ponds and summer runoff. A minor 
amount of recharge occurs through the tailings from 
water collected in the basin within the pile. 

D, Transpor t of Mill Tailings 

The more obvious means of transport of mill tail
ings from the pile is by wind erosion and surface 
water. The prevailing winds appear to come from 
the southwest to northwest. Dunes caused by wind 
erosion of tailings have built up along the outer edge 
of the dike to the east. 

Surface runoff is another means of tailings 
transport from the pile. Water erosion is evident on 
the outer face of the tailings dike. Further evidence 
for water erosion is indicated by the breaches 
through the tailings on the west and south and by 
the channels cut on the three access ramps. The 
breaches and access ramps drain an estimated total 
tailings pile area of 11.4 X 10' m*. The basin within 
the dikes catches roughly 95% of the precipitation 
falling on the pile and is large enough to contain all 
of it except during the most severe storms. The other 
5% runs off the pile via the three access roads and 
the two natural breaches. 

The presence of ground water beneath and within 
the pile provides a possible transport mechanism 
for chemicals in the tailings pile. The water in the 
aquifer is recharged from nearby ponds. The move
ment of water in this aquifer is to the southwest with 
some loss into the sandstone units in the shale which 
would move to the northeast. The deeper aquifers at 
~225 m in the sandstones would receive little or no 
recharge from the tailings pile. 

The pile is located on the Ambrosia Lake ore 
trend. The ore within the aquifer in the Westwater 
Canyon Member was dewatered during mining. 
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Fig. 13. 
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Water is still being pumped from the Westwater 
Canyon Member to be used in other mine-related 
activities. The removal of ore and water could cause 
subsidence in the area that would in time affect the 
stabihty of the pile. 

There is no recognized folding or tilting ofthe for
mations underlying or adjacent to the tailings pile." 
Fractures are common in the Westwater Canyon 
Member of the nearby mines; however, no fracture 
with major displacements greater than 2 to 5 cm was 
noted. These fractures were not persistent and ex
tend only a few tens of meters. No faults were 
observed and it is thus surmised that surface rup
ture through faulting in the area is not likely. 

The area of greatest seismic activity occurs along 
the Rio Grande Depression which constitutes the 
valley along the Rio Grande. This area is north-
south trending and lies about 100 km to the west of 
the Ambrosia Lake area. In the most active seismic 
area of the depression, the largest shock in a 100-yr 
period is likely to be of magnitude 6 on the Richter 
scale." The Ambrosia Lake area lies in the southern 
edge of the San Juan Basin. Here, the seismic ac
tivity is relatively low compared to that of the Rio 
Grande Depression. The seismic frequency is 
probably on the order of one shock of a magnitude of 
4 or 5 in a 100-yr period. At a magnitude of 5, no 
damage would occur to this tailings pile. However, 
the shock could trigger subsidence due to the 
devyatering of mines and removal of ore that would 
affect the stability of the pile. 

E. Radon Diffusion 

Radon-222 ("^Rn) is a radioactive, inert gas, the 
direct result of the decay of "°Ra, a radionuclide in 
the "°U decay series (Table VI) and therefore pre
sent in uranium ores. Radon has a radioactive half-
life of 3.8 days and decays to nongaseous 
radionuclides with half-lives ranging from 1.6 X 
10"* sec to 22 yr before stabilizing as ^''°Pb. Although 
the half-life of "^Rn is relatively short, its parent, 
"°Ra, has a radioactive half-life to 1622 yr and is not 
excluded from the tailings during the milling 
process. Of the original ^^Ra concentration in the 
ores, 99.6-99.8% is discharged to the tailings pond in 
the sands and slimes from an acid-leach mill 
process, while 98-98.5% is similarly discharged from 
an alkaline mill process." Radon deserves special 
attention relative to stabilization of uranium mill 

TABLE VI 

PRINCIPAL EMISSIONS AND DECAY 
SEQUENCE OF THE URANIUM SERIES 

Isotope Half-Life 

238TT 

"*Th 
"*Pa 
234U 

230T^U 

"°Ra 
"^Rn 
218po 

"*Pb 
"*Bi 
"*Po 
" T b 
"°Bi 
210po 

2oep^, 

4.5 X 10° yr 
24.1 days 

1,2 min 
2.5 X 10' yr 
7,5 X 10* yr 

1622 yr 
3.8 days 
3.05 min 

26.8 min 
19.7 min 

1.64 X 10"* sec 
22 yr 

5 days 
138.4 days 

stable 

Radiation 

a 

a 
a 
a 
a 
a 
& 
fi 
a 

fi 
fi 
a 

tailings piles because of the difficulties inherent in 
controlling a gas on such a large scale. 

Flux, or exhalation rate, of "^Rn is defined as that 
amount which is transported across a unit area of a 
surface per unit time. This can be estimated for the 
Phillips pile. Using figures of 2.7 X 10° kg of ore 
processed, an average ore content of 0.23% UsOe, 
and a relative ^"U abundance of 99.28%, it is 
calculated that there was a total of 5.3 X 10° kg of 
" ' U present in the ore. Assuming secular 
equilibrium in the ore, it follows that there was a 
total of 1.9 kg of ^'"Ra in that same ore. If 98% of the 
original "°Ra content was discharged to the tailings, 
the Phillips Petroleum Company uranium mill tail
ings should contain an average of 677 pCi of " 'Ra 
per gram of tailings. Schiager^' has predicted a 
radon flux for dry uranium mill tailings of 1.6 pCi 
"^Rn per square meter per second for each picocurie 
of " 'Ra per gram of tailings. At 677 pCi "»Ra per 
gram of tailings and assuming the same tailings 
parameters as Schiager, this would amount to a 
radon flux of 1083 pCi/mVs or 108 fCi/cmVs. Radon 
flux measurements are being conducted for the 
Phillips tailings pile using the accumulator 
method.^' These are expected to vary considerably 
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TABLE VII 

RADON FLUX FROM TAILINGS PILES 

Tailings Pile 

Shiprock, New Mexico 
Sliiprock. New Mexico 
.Shiprock, New Mexico 
Salt Lake City. Utah 
Salt .Lake City, Utah 
Salt Lake ("ity, Utah 
Salt Lake City, Utah 
Salt Lake City, Utah 
Sah Lake City, Utah 
Sail Lake City, Utah 
Sah Lake City, Utah 
Sah Lake City, Utah 
Salt LakeCiiv. Utah 

Condition 

uncovered 
uncovered 
uncovered 

crusted, bare 
crusted, bare 
crusted, bare 
crusted, bare 

bare 
bare 
bare 
bare 
bare 
bare 

Flux 
fCi/cmVs 

59 
132 
93 
15.1 
13 
15.8 
15.1 
65 
54 
78 
49 
24 
15.5 

from this estimate due to the many variables in
cluding depth, porosity, and effective radium con
tent of the tailings, at tenuating influence of 
moisture in the tailings, and barometric pressure. 
Because of the differential settling of sands and 
slime's out of the tailings slurry, and because slimes 
contain from 77 to 94% ofthe total "°Ra content of 
mill tailings,"•'° the relative disposition of slimes in 
the tailings pile is a major determinant of radon 
flux. Radon flux measurements have been made at a 
few mill tailings piles (Table VII)." 

IV. SUMMARY 

The Phillips Petroleum Company taihngs pile lies 
in the southern edge of the San Juan Basin, The 
area is underlain by a thick section of shales, 
siltstones, and sandstone. Aquifers capable of 
domestic or industrial water supply occur in the 
sandstones which make up less than 25% ofthe 1000 
m thickness of sediments underlying the area. The 
sandstones dip gently into the basin; recharge to the 
aquifers occurs through their outcrops to the south. 
Several north-south trending faults occur in these 
sediments to the east of the pile. The quality of 
water in the sandstone aquifers is fair to poor with 
total dissolved solids ranging from 500 to over 2000 
mg/i . 

The tailings pile forms a rough square about 620 
m on a side containing a surface area of about 3,7 X 

10' m^ The tailings are contained within four dikes. 
The lower part of the dike is constructed from shales 
and silty sandstone excavated adjacent and beneath 
the present pile while the upper section is composed 
partially of tailings. The surface of the pile slopes in
ward to form a basin. The pile contains about 2.3 X 
10° kg of tailings or a volume of about 1.5 X 10' m'. 
The thickness ofthe tailings ranges from <1 to 10 
m. 

Ground water perched in the silty sandstone and 
shales that underhe the pile are presently recharged 
from three ponds that are adjacent to the pile and 
from runoff north of the pile. Some water occurs in 
the tailings as a ground water mound indicating a 
small amount of recharge from the pond that forms 
in the basin from precipitation. The major move
ment of water in the perched aquifer in the shale 
and siltstone is toward the southwest. The deeper 
aquifer in the sandstone would receive little or no 
recharge from the tailings pile. 

The most obvious transport of tailings is by wind 
erosion and surface water. Radon generated from 
the radium content of the pile is of possible conse
quence and is currently being studied. 
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APPENDIX A 

(JKOLOGIC LOG OF REGIONAL WELLS AND TEST HOLES" 

Log I 

KERMAC Water Well 1 
SE 1/4 sec. 22, T14N, RlOW 
Altitude 2138.5 m 

Thickness 
(m) 

Depth 
(m) 

Quar te rnary 
Alluvium 

Cretaceous 
Mancos Shale 
Dakota Sandstone 

Jurass ic 
Morrison Formation 

Brushy Basin Member 
Westwater Canyon Member 

, Recapture Member 

San Rafael Group 
Bluff Sandstone 
Summerville Formation 
Todilto Limestone 
Entrada Sandstone 

Triassic 
Chinle Form.ation(Undif) 

Permian 
San Andres Limestone 
Glorieta Sandstone 

6.1 

78.9 
24.1 

52.4 
59,5 
31.4 

30.4 
99.4 
13.4 
39.6 

454.2 

33.5 
16.2 

6.1 

85 
109.1 

161.5 
221 
252.4 

282.8 
382.2 
395.6 
435.2 

889.4 

922,9 
939,1 
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9 Log II 

A. Berryhill Oil Test 
NE 1/4, sec 30, T14N, R9W 
Altitude 2130.6 m 

Thickness 
(m) 

Depth 
(m) 

Quar ternary 
Alluvium 

Cretaceous 
Mancos Shale 
Dakota Sandstone 

Jurass ic 
Morrison Formation 

18 

79,8 
20.5 

18 

97.8 
118.3 

Brushy Basin Member 
Westwater Canyon Member 
Recapture Member 

San Rafael Group 
Bluff Sandstone 

38.1 
59.4 
44.8 

21.3 

156.4 
215.8 
260.6 

281.9 

9 Log III 

United Nuclear Water Well 1 
SE 1/4 sec 28, T14N, R9W 
Altitude 2128.1 m 

Quar ternary 
Alluvium 

Cretaceous 
Mancos Shale 
Dakota Sandstone 

Jurass ic 
Morrison Formation 

Thickness 
(m) 

6.7 

112.5 
18.3 

Depth 
. (m) 

6,7 

119,2 
137.5 

Brushy Basin Member 
Westwater Canyon Member 
Recapture Member 

San Rafael Group 
Bluff Sandstone 
Summerville Formation 
Todilto Limestone 
Entrada Sandstone 

Triassic 
Wingate Sandstone 
Chinle Formation (Undif) 

Permian 
San Andres Limestone and 
(Horieta Sandstone (Undif) 

29,2 
57,9 
25.6 

86,9 
102.1 

9.2 
30.4 

18.3 
443.2 

57.9 

166,7 
224,6 
250,2 

337,1 
439,2 
448,4 
478,8 

497,1 
940.3 

998.2 
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Log IV 

Sandstone Mine Test Hole 
SE 1/4, sec 34, T U N . R9W 
Altitude 2136.0 m 

Thickness 
(m) 

Depth 
(m) 

Quartei-nary 
Alluvium 

Cretaceous 
Mancos Shale 
Dakota Sandstone 

Jurass ic 
Morrison Formation 

6,7 

157,9 
21,6 

6,7 

164,6 
186,2 

Brushy Basin Member 
Westwater Canyon Member 
Recapture Member 

33.9 
57 
28.9 

220.1 
277,1 
306 

LogV 

Cliffside Mine Test Hole 
SW 1/4, sec 36, T U N , R9W 
Altitude 2154.9 m 

Thickness 
(m) 

Depth 
(m) 

Quar te rnary 
Alluvium 

Cretaceous 
Mancos Shale 

Shale 
Sandstone 
Shale 
Sandstone 
Shale 
Sandstone 
.Shale 
Sandstone 
Shale 

Dakota Sandstone 
Jurass ic 

Brushy Basin Member 
Westwater Canyon Member 

33.5 

27.7 
5,2 

186.5 
8.5 
28 
9.1 

19.2 
10,1 
15,2 

19.1 

50,9 
44.2 

33.5 

61.2 
66.4 
252.9 
261.4 
289,4 
298,5 
317.7 
327,8 
343 
362.1 

413 
457,2 

"From Cooper and John, Ref. 4 
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APPENDIX B 

QUALITY OF WATER FROM MINES AND A NETWORK ADJACENT TO THE 
KERMAC MILL* 

The U, S. Environmental Protection Agency con
ducted an environmental survey of the Ambrosia 
Lake area during February and March 1975, During 
this investigation, samples of mine water pumped 
into the ponds were collected and analyzed. The 
locations of the ponds are shown in Fig, B-1, while 
the results of the trace element analyses are shown 
in Table B-I, 

Samples were collected and analyzed from 
monitoring stations adjacent to the KERMAC Mill 
and mill tailings pond during the survey. The loca
tions of monitoring stations are shown in Fig, B-2, 
while results of analyses and depth of observation 
holes are shown in Table B-II, 

R9W 

\ l 9 

3 0 ^ \ 

\ 

PHILLIPS 
TAILINGS 

_ - v P I L E 

El'= 

KERIMAC 
TAILINGS 

PILE 

I 2 km 
I I 

RlOW R9W 

SCALE 

Fig. B-1. 
Location of mine water sampling stations. 

Fig. B-2. 
Location of observation wells and seep adja
cent to KERMAC mill. 

*U. S. Environmental Protection Agency, Ftegion VI, Dallas, Texas, "Water Quality Impacts of 
Uranium Mining and Milling Activities in the Grants Mineral Belt, New Mexico," EPA 906/9-
75-002 (1975). 
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TABLE B-I 

CHEMICAL QUALITY OF MINE WATER" 

Location" 
Date 
1975 Mo Na 

mg/i-^ 

Se Mn Cl NH3 

NO2 
+ 

NO3 TSS 
Total 

Uranium 

pCi/i" 

Dissolved 
Gross 
Alpha 

Dissolved 
^"Ra 

Kh;RMACSec30W 2-26 2.8 160 0.03 0.8 0.15 0.19 1.3 1.3 1300 174 

Do. 
Do. 
Do. 

KERMAC .Sec 19 

KERMAC Sec 35 

Do. 
Do. 
Do. 

2-27 
2-28 
3-1 

2-27 

2-26 

2-27 
2-28 
2-31 

2,6 
2,6 
. . . 

0.6 

5.2 

5.0 
4.7 
. . . 

160 
160 
... 

120 

190 

200 
210 
— 

0.04 
0.03 
. . . 

<0.01 

0.08 

0.08 
0.04 
. . . 

0,7 
0,7 
. . . 

0.6 

0.6 

0.7 
1.0 
. . . 

0.18 
0.17 
. . . 

0.03 

0.09 

0.04 
0.06 
. . . 

52 
49 
53 

7.9 

- -

9.4 
7.6 
8.4 

0.21 
0.18 

0.13 

0.11 

0.15 
0.06 
. . . 

1,2 
0,94 
. . . 

1,4 

0.22 

0.39 
0.44 
... 

26 
23 
17 

16 

120 
93 
86 

6.1 
6.7 
. . . 

0.23 

17 

14 
26 

. . . 

1400 
1400 

. . . 

72, 

3000 

2400 
2800 

. . . 

161 
154 

. . . 

9.3 

32 

52 
69 
. . . 

"See footnote, p, 27. 
•"See Figure B-1 for location, 
•^Samples unfiltered, 
"Samples filtered. 
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TABLE B-II 

MONITORING ADJACENT TO KERMAC MILL" 

mg/i pCi/i 

Location" 

207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 

1975 

2-27 
2-27 
2-27 
2-27 
2-27 
3-3 
3-3 
3-3 
3-3 
3-3 
3-3 
3-3 
3-3 

Well 
Depth 
(m) 

12.5 
16.2. 
42.1 
19.2 
16.2 
c 
8.2 
17.4 
11,6 
-18,9 
16.6 
10.4 
10,4 

Se 

<0,01 
0.29 
0.01 
... 

<0.1 
... 

<0.1 
0.02 

<0.01 
... 
... 
... 
0.01 

V 

0.4 
0,8 

<0.3 
... 
0.5 
... 
0.6 

<0.3 
<0.3 
... 
... 
... 
<0.3 

Cl 

3100 
4 
17 
44 
31 

3100 
3400 
1700 
100 
74 
470 
61 

1300 

NH, 

0.50 
---
0.66 
0.30 
0.80 

590 
0.12 
2.9 
10.0 
0.80 
9.1 
0.16 
0.08 

NO2 
+ 

NO3 

0.04 
... 
48.7 
350 
1.3 
53 
0.25 
8.0 
2.0 
2.6 
70.9 
0.40 
1.3 

TDS 

14 000 
7800 
2700 
6300 
4100 

36 000 
8900 
9100 
3200 
2600 
4700 
4800 
6700 

Gross 
Alpha 

410 
49 
<2 
45 
<3 

112 000 
8 
14 
104 
45 
70 
20 
67 

"°Ra 

1.1 
4.0 
2,0 
0.26 
0.20 
4,9 
6,6 
1,2 
2,5 
0,64 
0,94 
0,34 
0,59 

"See footnote, p, 27. 
"See Figure B-2 for location. 
"̂ Seepage return, 

NOTE: Location No, 207 to 211 and 213 to 219 the ""Th ranged from <0,013 to 0,27 pCi/i, "^Th 
ranged from <0.011 to 0,27 pCi/i, and "°Po ranged from <0,03 to 3,8 pCi/i. 



APPENDIX C 

PHILLIPS URANIUM MILL TAILINGS PILE LOCATION AND SURVEY 
(UNITED NUCLEAR CORP.) 

.An engineering survey was made in May 1976 by 
ENG-1 of the Los Alamos Scientific Laboratory of 
the tailings pile and adjacent area (Fig, C-1). 

The engineering survey laid out a 750 m X 750 m 
square with grid points at 150-m intervals. Later, in
termediate points were placed at 50-m intervals 
throughout the whole grid. 

The southwest corner of the grid. Fig. C-1, was 
denoted by the coordinates 00,00. The point 45,60, 
for example, is 450 m east of 00,00 and 600 m north 
of 00,00. 

Steel fence posts 2 m long mark the 150-m points, 
while 1-m aluminum stakes mark the 50-m grid 
points. 

APPENDIX D 

GEOLOGIC LOGS, HYDROLOGIC DATA, AND WELL CONSTRUCTION OF TEST HOLES 
JULY 1976 

Test holes were drilled and cased on, and adjacent 
to, the tailings pile during the week of July 12-16, 
1976. The holes were drilled to collect geologic and 
hydrologic information. Samples of cuttings were 
collected for chemical and radiochemical analyses 
(as part of the continuing study). Holes containing 
water were cased to facilitate water sampling and 
analyses (as part of the continuing study). Ad
ditional hydrologic data are to be collected to deter
mine water-level trends and seasonal variations. 

Nineteen test holes were drilled adjacent to the 
pile. The locationof the wells is denoted by the coor
dinate points nearest the wells, as shown on Fig. 14. 
For a description of coordinate system, see Appen
dix C. The geologic logs are given in Table D-I. Soil 
or alluvium was generally less than 0.5 m thick. The 
hole at locations 00,24 and 66,39 contained up to 1 m 
of tailings that were deposited by water erosion and 
wind erosion, respectively. 

Seven test holes were drilled through the pile (Fig. 
14), The log ofthe holes is presented in Table D-II. 
The holes near the edges of the dikes penetrated 
tailings which were mainly fine sands with lenses of 
slimes. The holes in the basin penetrated mainly 
slimes with lenses of fine sand. The logs show the 
thickness of tailings and bedrock (shale or silty 
sandstone) penetrated. 

Three well points (3,2-cm steel pipe with a well 
point) were driven through the tailings into the 
bedrock. Logs are shown in Table D-I, The bedrock 

was determined by change in penetration rate. The 
hole at location 60,15 was completed as an observa
tion well with a drive point. 

Well construction and hydrologic data are shown 
in Table D-III, The holes were drilled using a truck-
mounted power auger. All holes were drilled 10,2 cm 
in diameter, with the exception of the hole at loca
tion 01,09 which has a diameter of 7.6 cm. The holes 
containing water were cased with 5.1-cm-diam 
plastic pipe perforated in the lower 1,8 m. The per
forations were wrapped with stainless steel screen. 
Surface casing, generally about 1 m in length, was 
placed in holes that were dry. 

Observation wells at locations 15,20 and 15,60 
were cased to various depth intervals in the tailings 
to conduct radon studies. 

Observation wells at locations 05,04 and 66,03 
contain steel casing. The wells were installed prior 
to July 1976, probably when the mill was in opera
tion, for monitoring purposes. The hole at location 
98,67 is a 12.7-cm uncased exploratory core hole ad
jacent to the mine water holding pond. It was drilled 
as part ofthe exploratory test to outline the ore body 
in the Westwater Canyon Member, These types of 
holes were drilled on 30- to 50-m centers in the area. 
A number of these core holes were located; however, 
only three near the pond were open. The remainder 
were either plugged up on completion of the ex
ploratory drilling phase or sealed by the swelling of 
shales and clays. 
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TABLE D-I 

LOGS OF TEST HOLES ADJACENT TO TAILINGS PILE 

Location 

03,03 

14,01 

20,01 

45,01 

54,01 

Description 

Silty sandstone, light brown 
Shale with lenses of silty sandstone, 
light brown 

Silty sandstone, light brown 
Shale, gray 

Silty sandstone, light brown 

Shale, light brown 

Shale, light brown 
Silty sandstone, light brown 

Thickness 
(m) 

6.7 
4 

11.3 
1.5 

10.7 

6.9 

3.1 
1.5 • 

Depth 
(m) 

6.7 
10,7 

11,3 
12,8 

10,7 

6,9 

3,1 
4,6 

with lenses of shale 
Shale, light brown 

73,04 Silty sandstone, light brown 
Shale, light brown 

00,24 Tailings, gray, light gray (outwash) 
Silty sandstone, light brown 
Shale, light brown 

00,44 Silty sandstone, light brown 

66,39 Tailings, light gray (outwash) 
Shale, hght brown 

66,55 Shale, light brown 
Shale, dark gray 

03,65 Silty sandstone, light brown 
Shale, light brown 
Shale with lenses of silty sandstone, 
light brown 

18,68 Silty sandstone, light brown 
Shale, light brown 
Shale, gray with lenses of silty sandstone 

40,71 Silty sandstone, light brown 

Shale with lenses of silty sandstone, light brown 

63,74 Silty sandstone, light brown 

01,09 Silty sandstone, hght brown 

2.3 

6.9 

6.9 

3.7 
3.2 

1.2 
4.9 
0.8 

3.7 
6.9 

1.2 
6.1 
6.9 

6.9 

0.9 
4.4 

4.9 
1.2 

6.1 
2.1 
1.5 

3.1 
1.5 
2.3 

2.4 
4.5 

6.9 

14.3 

0.9 
5.3 

4.9 
6.1 

6.1 
8,2 
9.8 

3.1 
4.6 
6.9. 

2.4 
6.9 

6.9 

14.3 
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TABLE D-II 

LOGS OF TEST HOLES ON TAILINGS PILE 

Location 

15,20 

40,20 

60,15 

60,30 

40,40 

Description 

Tailings 
Bedrock 

Tailings 
Bedrock 

Tailings 
Bedrock 

Tailings 
Bedrock 

Tailings 
Bedrock 

Thickness 
(m) 

6.1 
7 

6.1 
4 

7,6 
0.9 

7 
3,1 

3,7 
4.9 

Depth 
(m) 

6.1 
13.1 

6.1 
10.1 

7.6 
8.5 

7 
10.1 

3,7 
8.6 

Location 

15,60 

40,55 

35,30 

35,35 

35,45 

Description 

Tailings 
Bedrock 

Tailings 
Bedrock 

Tailings (Well Point) 
Bedrock 

Tailings (Well Point) 
Bedrock 

Tailings (Well Point) 
Bedrock 

Thickness 
(m) 

2.4 
6.1 

2.7 
4.3 

3.1 
0.3 

3.1 

2.7 
1.5 

Depth 
(m) 

2.4 
8.5 

2,7 
7 

3.1 
3.4 

3.1 

2.7 
4.2 
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TABLE D-III 

TEST HOLE CONSTRUCTION AND HYDROLOGIC DATA 

7-I6-7G 8-16-76 9-14-76 

Location 

LSD Depth 

Length 

of 

Casing 

MP Above 

LSD 

LSD 

Water 

Level 

Water 

Altitude 

LSD 

Water 

Level 

Water 

Altitude 

LSD 

Water 

Level 

Water 

Altitude 

ADJACENT TO PILE: 

03 

01 

00 

00 

0.3 

05 

14 

20 

20 

18 

40 

40 

45 

,54 

66 

66 

66 

63 

73 

81 

85 

98 

03 

09 

24 

44 

65 

04 

01 

01 

01 A 

68 

71 

71 A 

01 

01 

03 

39 

55 

74 

04 

72 

52 

67 

ON PILE: 

15 

15 

35 

35 

35 

40 

40 

40 

40 

60 

60 

20 

60 

30-

3 5 ' 

4 5 ' 

20 

40 

40 A 

55 

15 ' 

30 

'Well Point 

"Dry 
"No data 
"Caved in 

2125 

25 

28 

30 

32 

25 

24 

24 

24 

34 

35 

35 

24 

25 

25 

29 

34 

35 

26 

40 

32 

40 

32 

34-

31 

32 

33 

32 

32 

32 

33 

32 

32 

10.7 

14.3 

6.9 

6.9 

9.9 

6.4 

12.8 

10.7 

5.3 

6.9 

6.9 

3.8 

6.9 

6.9 

8.8 

5.3 

6.1 

6.9 

6.9 

13.1 

3.7 

11.3 

14.6 

8.5 

4.0 

4.0 

4.0 

10.1 

8.5 

3.0 

7.0 

8.7 

10.1 

0.9 

12.5 

0.9 

0.9 

0.9 

6.4 

13.1 

11.3 

0.6 

0.9 

6.7 

0.9 

7.3 

0.9 

9.9 

5.8 

0.9 

6.7 

0.9 

7.7 

0.9 

none 

1.8 

2.4 

4.8 

4.8 

4.8 

8.5 

7.3 

0.6 

5.2 

9.6 

5.2 

0.3 

0.6 

0.3 

0.3 

0.3 

0. 

0.6 

0.6 

0.3 

0.3 

0.6 

0.3 

0.6 

0.3 

1.1 

0.6 

0.3 

0.6 

0.3 

0.6 

0.3 

0 

0.6 

0.3 

0.8 

0.8 

0.8 

0.6 

0.6 

0.3 

0.9 

0.9 

0.9 

10.5 

10.5 

a 

a 

a 

a 

8.5 

8.8 

a 

a 

3.0 

a 

5.9 

a 

a 

3.8 

3.2 

3.3 

a 

1.4 • 

a 

8.2 

12.4 

a 

a 

3.5 

a 

6.6 

6.8 

a 

5.2 

3.2 

3.0 

2114 

2114 

2116 

2115 

2132 

2118 

2125 

2131 

2132 

2139 

2132 

2120 

2128 

2125 

2125 

2128 

2129 

2129 

10.3 

10.0 

a 

a 

a 

b 

9.2 

6.9 

a 

a 

2.3 

2.0 

b 

a 

a 

2.4 

2.6 

3.2 

a 

0.5 

a 

4.5 

12.4 

a 

b 

3.8 

a 

6.7 

6.7 

a 

4.7 

3.3 

3.0 

2115 

2115 

b 

2115 

2117 

2133 

2133 

b 

2127 

2131 

2132. 

2140 

2136 

2120 

b 

2128 

2125 

2125 

2128 

2129 

2129 

10.4 

10.0 

b 

a 

a 

a 

10.0 

6.0 

b 

b 

1.7 

c 

5.8 

b 

a 

2.1 

b 

3.0 

b 

1.0 

a 

3.8 

b 

b 

b 

3.9 

a 

b 

6.7 

b 

. 4.4 

3.3 

3.0 

2115 

2115 

b 

2114 

2118 

b 

b 

2133 

c 

2118 

b 

2127 

b 

2132 

b 

2139 

2136 

b 

b 

b 

2128 

b 

2125 

b 

2129 

2129 

2129 
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APPENDIX E 

COMPUTER GRAPHICS OF SELECT PARAMETERS 

The topography on top ofthe tailings pile, original 
land surface, and water level in the area have been 
plotted using computer graphics to supplement 
Figs. 8, 9, and 14 in the text. These are shown in 

Figs. E-1, E-2, and E-3, respectively, for graphic 
comparison. The computer routine takes the 
altitude data (Z-axis) and interpolates the altitude 
contours by weighing the data. 

* • 

Fig. E-1. 
Topography on and adjacent to tailings pile (based on altitude of survey points, Fig. C-1). 

9 
Fig. E-2. 

Topography of land surface under and adjacent to tailings pile. 
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100 

2° Y 10 East of Meters X i^ 

Fig. E-3. 
Altitude of water levels in and adjacent to tailings pile (average July, August, and Septem
ber 1976). 

"(^ U.S. GOVERNMENT PRINTING OFFICE 1977—777-018/77 
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A large amount of artificial recharge results from the discharge 

of mine wastewater near the town of Ambrosia Lake. Kaufmann and 

otihers (1975) indicated that the seepage from tailings ponds 

equalled 0.36 mgd (1.36 X 10 l/day) in 1974. The Arroyo 

del Puerto, which runs south from the Ambrosia Lake area to San 

Mateo Creek, has been perennial since large amounts of mine 

wastewater began to be discharged into it in the late 1950's. 

In fact, grasses and cattails now grow along its banks.. In 

Figure 25 water levels in the alluvium show a gradient perpendicular 

to the channel direction, indicating recharge along the arroyo. 

A well, believed to be completed in the Mancos Shale, contains 

water with noticably fewer dissolved solids (27 mg/l) than the 

surrounding alluvial wells. This-suggests that although the 

ion-rich discharge water recharges the alluvium it probably does 

not penetrate the Mancos Shale. The underlying sandstone aquifers 

may, however, receive some of the recharge in places where they 

lie directly under the alluvium. 

Such a situation seems to exist at the confluence of the 

Arroyo del Puerto and San Mateo Creek. At that point the Dakota 

has been dissected by the creek. Well depths and the geologic map 

suggest that near the confluence nearly 100 feet (30 m) of alluvium 

lie directly on the Morrison Formation. Kauffmann and others (1975) 

have shown that the discharge from the Arroyo del Puerto has nearly . 

doubled the TDS concentration in t he alluvial ground water below 

the confluence. As cited in the section of tihis report on 
/ • 

ground-water chemistry, the TDS concentration of the Morrison 

s»y*.e..^';^,j.^';,4J?^..i.^.. w ^ 



i 
GROUND-WATER FLOW SYSTEM 

R e c h a r g e 

Precipitation is the original source of recharge, and the 

average aruiual precipitation in the study area ranges from about 

12 inches (30 cm) per year in the lower areas to nearly 20 inches 

(51 cm) on Mt. Taylor (Tuan and others, 1969). Most of the sandstone 

outcrops in the area form cliffs, and offer little area for direct 

recharge from precipitation. An exception to this is the Dakota 

Sandstone cap on Mesa Montanosa and the western end of La Jara Mesa, 

where the exposure is commonly more than a mile wide. The Point 

Lookout Sandstone cap on San Mateo Mesa is also extensive, but is 

highly dissected and p.robably not significantly connected to those 

places in the study area where the formation lies under the surface. 

It may be assumed that little precipitation enters the bedrock 

outcrops through their primary porosity, for the permeeibility is 

generally so low that water is evaporated back out soon after it 

infiltrates. The runoff on outcrops, though, may cross fractures, 

and it is probably through the fractures that most recharge occurs. 

In a study of recharge through exposed, fractured limestone in 

southern New Mexico, Paul Davis (hydrologist, U.S. Geological Survey, 

Albuquerque, personal communication) calculated that 20 to 25 

percent of the annual precipitation recharged the bedrock 

aquifer. It may be assumed that the limestone had no primary. 
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permeability. In a sandstone outcrop, however, some of the precipitation 

would enter ther primary pores, but would probably be lost to evaporation 

soon afterv/ards. It is estimated that approximately 15 to 20 percent 

of the precipitation enters the broad Dakota outcrop as recharge. 

From geologic maps it has been estimated by the author that 

approximately 10 square miles (26 km ) of Dakota outcrop lie up-dip 

from the study area. Assuming an annual precipitation rate of 

13 in. (33 cm) and a recharge rate of 17 percent, it is estimated that 

about 0.11 mgd/sq. mi. (million gallons per day per square mile; 

S 2 4.2"X 10 1/d/km ) are recharged through the Dakota outcrop. Although 

much of' this water probably remains in the unit, a great deal probably 

enters the underlying formations through the ubiquitous fractures in 

the'outcrop area. - .. 

'. Figure 21 shows the grain-size distributions for three alluvium 

samples taken in the area. Two samples from gentle slopes consist 

of fine sand with 5 to 10 percent silt and clay, and are believed to 

b'e of eolian origin. According to local soil maps, most of the soils 

in'the area have an infiltration rate of less than 2 in. (5 cm) per 

hour. At this rate, and because of the sealing effects of clay and 

raindroprimpact, it may be expected that rainfall penetrates only a 

small distance into the soil, only to be pulled out again by 

evaporation and capillary action-

' There is much evidence suggesting that considerable recharge occurs 

through the creek and arroyo beds. Sediments.in the beds are usually 

coarser than the soil covering most of the area, as shown in Figure 21. 
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All of the drainages, then, may contribute to ground-water recharge 

at some time. The two largest ones, San Mateo Creek and Arroyo del 

Puerto, may be considered to be major sources of recharge. 

San Mateo Creek is the major drainage on the western side of 

Mt. Taylor, and is naturally supplied by springs on the flanks of 

the mountain as well as by intermittent runoff along its course. 

.Under normal conditions it flows perennially in San Mateo Canyon 

before disappearing just west of the town of San Mateo. Under 

iconditions of high -discharge it may flow along most of its course 

to the southwestern corner of the study area. 

.'.: Extensive dewatering has occurred since the beginning of, 

the construction of the Gulf Mt. Taylor Mine, and discharge into 

•SanMateo Creek has reached thousands.of gallons per minute. 

This, along with the discharge .from other mines, has simulated 

extremely high natural discharge, causing the Creek to flow to a 

point about 14 mi. (22 km) downstream from San Mated, in Sec. 1 or" 

;12, T13N, RlOW. The absence of a channel south of these sections 

implies that flow in the major drainage never leaves the area; but -

either evaporates or infiltrates, recharging the alluvial aquifer, 

A teardrop-shaped area is delineated in .Figure 22, which, 

according to air photos and topographic contours, is marked by round 

depressions and areas of relatively dense vegetation. This area is 

believed to represent a major discharge site for the alluvial aquifer, 

formed when stream flow encounters the relatively impermeable beds of the 

Chinle Formation, below the "pass" through the sandstone outcrops. The area 
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[ extends directly out from the "pass" despite a jog in San Mateo Creek. 

'• The depressions may be controlled by interflow, or a near-surface 

' water table present during especially high discharge in the Creek. 

The general shape of the area and the situation causing it suggest 

f that.it is a ground water equivalent of an alluvial fan. 

Evidence suggests that ground water in the ailluvial aquifer 
.i' ',1 

I' recharges the underlying bedrock formations, especially where 

.i conditions of head and permeability are favorable. Such a case 
It • s -• 

is evident near the town of San Mateo. Water levels from wells 

in the Menefee Formation (Figure 23) indicate that flow is generally 

t to the northwest, rouqhiy perpendicular tb the regional, dip of the 
^ j • . 

f • • • • ' • - • 

ji, formation (Plate 3). and following the ground-surface contours. 
'1 1 - . • -
I, • . • ; .. - • 

J.. Moreover, the contours indicate the presence of a ground-water 
t • •• • "• . ' • ' . 

I ridge' corresponding to San Mateo Creek, and implying recharge from 

I it. Figure 24 is a cross-section which parallels the Creek and 

I shows the well depths and groimd-water levels in wells tapping 

.r,'; 
the Menefee Formation. Water levels closely follow the groiond 

p Level, despite well depth. The Menefee is generally considered 

to be a sequence of sandstones and mudstones which would seem to be 

hydraulically separate. But, in addition to showing recharge 

1 from San Mateo Creek, the water levels in San Mateo suggest tihat 

the Menefee behaves as a single hydrologic unit, and.may be considered 

a water table aquifer. This is consistent with the belief of 

i Berry (1959), based on his observation of the Menefee wells north 

jof the study area. 
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HYDROGEOLOGY AND WATER RESOURCES 

OF THE 

AMBROSIA LAKE-SAN MATEO AREA 

MCKINLEY AND VALENCIA COUNTIES, NEW MEXICO 

INTRODUCTION ' 4l 

Problem and Purpose 

In the southern part of the San Juan Structural Basin, in 

northwestern New Mexico, the annual precipitation equals approximately 

10 in. (inches; 25 cm, or centimeters). The annual evaporation rate, 

however, may reach 100 in. per year (254 cm; Tuan and others, 1968). 

Consequently, most of the area lacks adequate supplies of surface water 

to support even the most basic human needs. 

The San Juan Basin is rich in energy resources, especially 

petroleum, coal, and uranium. The exploration for and mining of 

these items are active, and are expected to increase as the nation's 

oil production declines. As energy development continues in the 

area, and is accompanied by an influx of people, existing and 

potential problems related to water must be addressed. 

Due to the deficiency of surface-water supplies, residents and 

industry in the area will be dependent upon ground water. At the 

same time it will be, in many cases, necessary to pump large amounts 

of ground water to facilitate mining operations. Some of this water 

will be used for ore-milling, and all of it must be disposed of in 

such a way that it will not contaminate other water supplies. 
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HYDROGEOLOGY AND WATER RESOURCES OF THE 

AMBROSIA LAKE-SAN MATEO AREA 

MCKINLEY AND VALENCIA-COUNTIES, NEW MEXICO 

' l l 

ABSTRACT 

The Ambrosia Lake-San Mateo area, located approximately 10 miles 

(16 kilometers) north of Grants, New Mexico, is a major producer of 

uranium ore. Mining neccesitates the dewatering of approximately 

6 billion gallons (23 billion liters) per year from local geologic units. 

Ground-water information has been obtained for a 15-minute quadrangle-

sized area by field investigations, laboratory analyses, and the 

compilation of published data. Geologically, the study area is typical 

of the outcrop zone along the southern flamk of the San Juan Basin. 

Most of the ground water produced in the area is pvimped from the 

uranium-bearing Westwater Canyon Sandstone Member of the Morrison 

Formation (Jurassic), which yields from 20 to 300 gpm (gallons per minute; 

1.3 to 18.9 1/s, or liters per second) to wells. Domestic wells near 

San Mateo tap the Menefee Formation and Point Lookout Sandstone 

(Cretaceous), which commonly yield from 20 to 50 gpm (1.3 to 1.5 1/s). 

The bedrock aquifers have higher yields in the southeastern part of the 

area, due to more intense fracturing. Ground water flow in the alluvial 

aquifer is generally to the south. The flow in the bedrock aquifers is 

to the northeast and east, following the strata's dip and ubiquitous 

northeasterly-trending fractures. Ground water sampled in the central 

part of the study area contains from 400 to 2000 mg/l (milligrams per 

liter) TDS (total dissolved solids). Based on calculations from 

resistivity logs, it is estimated that grovmd water in the less developed 

northeastern part of the area contains from 2000 to 5000 mg/l TDS. 
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• 
Water Quality Data for Discharges from New Mexico 

Uranium Mines and Mills 

I, INTRODUCTION 

PURPOSE AND SCOPE OF THIS REPORT 

• 

The purpose of this paper is to report on three years of water quality 

data obtained from samples collected by the New Mexico Environmental 

Improvement Division (EID) in 1977, 1978, and 1979 at all New Mexico 

uranium mines known to be undergoing dewatering (including discharge 

from uranium recovery facilities) and at all operating New Mexico 

uranium mills. In addition, data for samples collected at two loca

tions from wells completed into the oire bearing Formation in areas 

which are expected to undergo uranium recovery will be reported. For 

approximate locations of all facilities sampled see figures 1, 2, 3 

and 4, 

• 

In order to prov^ide a background for understanding the data, general 

information will be presented on 1) the location and geology of the 

major ore bodies, 2) the need for dewatering, 3) dewatering techniques 

and sources of vvfater, 4) water treatment and 5) mine water Inflow 

rates, A brief description of waste liquor generation during milling 

will be given. The methods used in sample collection will be des

cribed. The type of analysis used for each element will be outlined. 



TABLE III 

HISTORICAL APPROXIMATE* WATER PRODUCTION 

FROM NEW MEXICO URANIUM MINING AREAS 

Year 

1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

1975 
1976 
1977 
1978 

gpm 
Laguna 

30 
30 
100 
100 
150 
200 
225 

gpm 
Smith Lake 

60 
85 
85 

50 
200-300 

gpm 
Church Rock 

400 
400 

2,400 
.2,300 
2,000 
3,500 
3,600 
4,000 
4,000 
4,000 
4,250 
4,250 
4,500 
5,400 

gpm. 
Ambrosia Lake 

500 
4,500 
8,50d\ 
11,500 
11,500 
12,000 
11,600 ' 
11,400 
11,300 
11,000 
9,500 
8,500 
8., 300 
8,000 
8,500 
8,000 
8,000 
7,500 
7,000 

7,000 
7,400 

7,000 . 
7,420 

Total 

8Pra. 

500 
4,500 
8,500 

11,500 
11,900 
12,460 
11,685 
11,485 
11,300 
11,000 
9,500 

10,900 
10,600 
10,000 
12,000 
11,600 
12,030 
11,530 
11,100 

11,350 
11,800 
11,750 
13,345 

TOTAL WITHDRAWAL 

Gallons 
(million) 
Total Yr. 

262.8 
2,365.2 
4,467.6 
6,044,4 
6,254.6 
6,549.0 
6,141,6 
6,036,5 
5,939,3 
5,781,6 
4,993,2 
5,729,0 
5,571.4 
5,256,0 
6,307,2 
6,097,0 
6,323,0-
6,060,2 
5,834,2 

5,965,6 
6,202,1 

6,175,8 
7,014,1 

127,371,4 

1956-1978 Total = ,39 million acre feet 

Does not include water produced during shaft sinking. 

Source: Phillips Exhibit, Hearing before the State Engineer 
July 31 - August 2, 1979 

22 



cant water from the mine settling ponds (approximately 2500 gpm 

in 1977, 1978, and 1979) is sent to an ion exchange facility 

located at the Kerr-McGee mill site. Mining of ore occurs in all 

mines except Section 22 and 33, which are undergoing mine water 

recirculation only. Once the water is run through the ion ex

change for uranium recovery, it goes to the mill make-up pond. 

Most of this water is used in the mill and is disposed of with 

the mill tailings. Any excess water not sent to the mill is 

treated with BaCl^ and discharged via an outfall to the Arroyo 

del Puerto. Since there was no discharge at the time of sampling 

in 1979, only data for 1977 and 1978 are given for this discharge 

in Table XIV, 

Company officials have stated that at one time or another in the 

past Section 22, 30 and 30W mines have received backfill. They 

were not receiving backfill during 1977, 1978, and 1979 however. 

United Nuclear Corporation Central Ambrosia Lake Mines 

UNO's Westwater Canyon Member host rock mines in the central 

section of Ambrosia Lake (Ann Lee, Section 27 and Sandstone 

mines) are all undergoing recirculation of mine water to pick up 

soluble uranium. The discharges pumped from the three mines are 

collected together in a pond near the ion exchange facility, 

which Is located a t the old Phillips mill site. Water from this 

pond is run through the ion exchange facility (500 to 600 gpm in 

1979) and then most of it is recirculated to the mines to leach 

50 
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• Table XV 

United Nuclear Corporation IX 

Ambrosia Lake 

TSS 
TDS 

mg/l 
mg/l 

cond /umbos 

pH 
As 
Ba 
Se 
Mo 
NHo 
Na 
Cl 
SO4 
Ca^ 
K 

mg/l 
mg/l 
mg/l 
rag/1 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 

bicarbonate mg/l 
Cd 
nitrate 
Mg 
V 
Zn 
Al 
Pb 

gross c< 
Ra-226 
Ra-228 
Pb-210 
U 

mg/l 
nitrite mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 

pCi/1 
pCi/1 
pCi/1 
pCi/1 
mg/l 

10/27/77 

Outfall to 
Arroyo 

Ul 
1852 
2657 
8.08 

-̂ -,005 
.27 

,268 
3.20 
.015 

427.8 
108,1 
1060 

11/17/78 

Last Pond 

^ 1,0 
1903 
2241 

^,005 
,074 
,171 

1,914 
0 

420,9 
97.5 
1115 

29±1 
0±2 
17±6 
,32 

148,8 
8,19 

227,7 
-^,001 

.11 

^,010 
^.100 

<ir,005 

570±70 
65±1 

11/07/79 

Last Pond 

2.0 
2441 
3288 
8,12 
,009 

<,100 
,122 
3.06 
,05 

510.'6 
188,2 
1279,8 
193,6 
9.75 

174.0 
<.001 
< ,01 
45,3 

<,010 
<,250 
-',250 

.'. ,005 

360±60 
19±6 

2,23 1,31 

• I I . 

I 
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9 
more uranium, and the rest discharged on the surface. There is 

no BaCK treatment. 

In 1977 a discharge observed to be taking place to an arroyo near 

the ion exchange facility was sampled. However several new ponds 

to contain IX discharge water have been built since then. By 

1979 there was only a very intermittent discharge to the ponds as 

almost all water was being sent back to the mines. In 1978 and 

1979 the sample was obtained In the last IX discharge pond. 

These data are all shown in Table XV, 

9 

The uranium is stripped from the loaded resin at the IX and the 

pregnant solution sent to the UN-HP mill near Milan. 

There has been no backfilling of these three mines with tailings 

in the past five years, but it is believed that such backfilling 

may have been practiced in earlier years. 

if 

! . ; , • 

Kerr-McGee Corporation Section 35 and 36 Mines 
; • . • • ' 

While UNO's mines discribed above presently have very little net 

discharge, Kee-McGee's Section 35 and Section 36 mines, completed 

in the Westwater Canyon Member, Viave each averaged discharges of 

about 1300-1600 gpm 1977-1979. During one short period discharge 

from section 35 was greatly in excess of this due to a break 

through into the overlying Dakota Sandstone. However in a 1979 

52 
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contaminant concentrations associated with mine spoils pile runoff may be many of 
orders of magnitude greater than those associated wi th the effluents. 

CONCLUSIONS 

Degree of Contamination 

• The analysis presented in this report reveals that discharge of mine 
dewatering effluents into surface watercourses and runoff from uranium 
mine spoils piles are significant water quality concerns. 

• Uranium mine dewatering effluents have adversely affected surface water 
chemistry. 

- Affected surface waters contain elevated concentrations of gross alpha 
radioactivity, uranium, molybdenum, and selenium. These constituents 
may be found in effluents at concentrations exceeding natural levels by 
100 times. 

• Dewatering effluents have caused contamination of shallow alluvial aquifers. 

- Some alluvial ground waters have assumed the chemistry of dewatering 
effluents. 

- This is manifested in changes in the concentrations of total dissolved 
solids, gross alpha activity, uranium, selenium, and molybdenum, which 
may exceed natural levels by 10 to 40 times. 

• Uranium mine spoils contribute pollutants to surface waters. 

- Spoils from many abandoned and active mines are eroding directly into 
surface drainages. 

- Mine spoils generate stormwater runoff that contains concentrations of 
gross alpha and beta activity, uranium, radium-226, lead-210, 
molybdenum, as well as other metals, that may exceed concentrations in 
natural runoff by up to 200 times. 

• Open pit mining, exclusive o f the waste piles generated, has caused increases 
in dissolved concentrations of gross alpha activity, uranium, and radium-226 
in surface water. 

• Treatment to remove radium-226 from raw minewaters prior to discharge has 
been generally effective, but the resulting treatment pond sludges are 
extremely contaminated with radium-226. 

- If improperly disposed of, these sludges may be eroded into watercourses 
where they could significantly impact water quality. 
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EXECUTIVE SUMMARY 

The Grants Mineral Belt in northwest New Mexico has been, from the 1950s until 
recently, the major uranium-producing region in the United States. In 1980, there 
were 40 operating and about 100 abandoned or inactive uranium mine sites in the 
area. Because of the potential for regional-scale water quality impacts from these 
activities, the U.S. Environmental Protection Agency funded a multi-year study to 
evaluate the severity o f the impacts and to assess the need for water pollution 
regulatory changes. 

PRINCIPAL GOALS OF THE STUDY 

• To describe and assess impacts of disposal of uranium mining wastes on the 
quality of surface waters and shallow ground waters in the Grants Mineral 
Belt. 

• To evaluate strategies for controlling water pollution from uranium mining 
sources in the study area. 

PRINCIPAL POTENTIAL SOURCES OF CONTAMINATION 

Large volumes of liquid and solid wastes are disposed of on the land surface 
through the mining process. These wastes contain generally low levels of metals 
and radioactivity, but they nonetheless may be harmful to humans or livestock if 
ingested over a sustained period of time. 

Mine Dewatering Effluents 

Because most uranium ore deposits in the Grants Mineral Belt are below the 
regional water table, ground water must be controlled by pumping to prevent 
mines from flooding. Both underground and surface minesdischarge this water to 
natural watercourses that are normally dry. Prior to its release, the discharged 
water (effluent) is treated to reduce the concentrations of radium, uranium, and 
suspended solids. 

Potential impacts to water resources from such discharges are regional in scale. 
Continuous surface water flows from the mines may be sustained for distances as 
great as 60 miles. In 1980, a total length of more than 140 miles of naturally dry 
watercourses were continuously affected by Grants Mineral Belt discharges. The 
year-round presence of the effluents in the channels greatly has increased use of the 
water for livestock supply. 

Mine Spoils Piles 

Mining is done by excavating surface pits or underground shafts and tunnels to gain 
access to the ore. Waste rock and rock with uneconomical levels of uranium ore are 
stored at the surface as a waste pile. No reclamation is required or proposed at 
most mines, and wastes remain on the surface when mining ceases. 

The potential for near-surface water quality problems to arise from the spoils is 
limited in time and area. Erosion of waste pile materials into watercourses largely 
occurs during periods of natural stormwater runoff. Because of the infrequency of 
such runoff events, the effects of the waste piles are more localized than those 
associated with the mine dewatering effluents. On the o;her hand, the 
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Potential Impacts of Contamination on Water Uses 

• The chemical quality of much surface water and shallow ground water is 
inconsistent with regional water uses as a result of disposal of wastes from 
uranium mines in the Grants Mineral Belt. 

- Locally, precipitation runoff from uranium mine spoils is not suitable for 
ingestion by livestock; such waters may contain elevated concentrations 
of gross alpha activity, radium-226, arsenic, cadmium, lead, selenium and 
vanadium. 

Treated mine dewatering effluents may not be suitable for livestock 
watering, irrigation, or domestic water supply due to consistently high 
selenium and radium-226, and sometimes to total dissolved solids, 
molybdenum, arsenic, barium, sulfate, and vanadium. 

Shallow alluvial ground water along San Mateo Creek in the Ambrosia 
Lake Mining District has been chemically impaired for use in irrigation, 
livestock watering, and domestic supply because of elevated 
concentrations of molybdenum, selenium, and gross alpha activity. Along 
the Puerco River in the Church Rock Mining District, data are less 
conclusive, but similar impacts are suggested. 

Regulatory Authority 

• Two regulatory and administrative tools are presently available to the EID to 
improve controls on uranium mine dewatering effluents. 

- TKe existing National Pollutant Discharge Elimination System (NPDES) 
permitting program, run by the U.S. Environmental Protection Agency 
(EPA) with state certification, is probably the best available mechanism to 
control mine dewatering effluents. However, the NPDES is presently not 
as effective as it might be in controlling these effluents. 

- The New Mexico Regulations for Discharge to Surface Waters are not now 
an effective alternative for control of mine dewatering effluents because 
these regulations do not specify limits for any trace element or 
radionuclide. 

• Surface water contamination resulting from uranium mine waste piles may 
be addressed by several legal means, although most are of uncertain 
applicability. 

- Presently, the biest option for control of uranium mine waste piles is that 
portion of the New Mexico Water Quality Control Commission (WQCC) 
regulations governing disposal of refuse in a watercourse; this provision 
has precedent for such use. 

- Federal Superfund clean-up provisions may assist in reclamation of some 
of the more serious piles near population centers; other provisions of 
Superfund authorize EPA to compel cleanup of other sites and allow state 
suits for recovery of response costs and damages to natural resources. 
Current applicability of the federal Resource Conservation and Recovery 
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Act (RCRA), the state Abandoned Mine Reclamation Fund, and the state 
Radiation Protection Regulations is l imited. 

• Minewater treatment pond sludges contain large concentrations of radium-
226 and other radionuclides. 

- At present, regulation of minewater sludges is inadequate. 

RECOMMENDATIONS 

• The EID should coordinate wi th the EPA so that new and renewal NPDES 
permits for uranium mine dewatering effluents in New Mexico include 
numeric effluent limits for radium-226 and other constituents that affect 
downstream uses of these waters. 

• The New Mexico Regulations for Discharge to Surface Waters should be 
amended to include comprehensive numeric limits for constituents regulated 
by NPDES and for other constituents necessary to protect water quality for 
domestic and agricultural uses. 

• Removal or stabilization should be pursued for the largest uranium mine 
waste piles eroding directly into surface drainages. The EID should require 
these actions based upon the provision in the WQCC Regulations regarding 
disposal of refuse in watercourses. 

• If necessary, reclamation of uranium mine waste piles could also be pursued 
under Superfund or the Abandoned Mine Reclamation Fund. 

• Waste piles generated by future uranium mining activity must be regulated. 
This may be accomplished by EPA through the Resource Conservation and 
Recovery Act. If not, the EID should pursue amendment of the New Mexico 
Radiation Protection Regulations to extend their applicability to mine wastes. 

• The EID should pursue control of minewater treatment sludges. If RCRA 
regulations are found to be not applicable, then EID should seek to amend 
the New Mexico Radiation Protection Regulations to control these sludges. 
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PREFACE 

This assessment was initiated.to gather technical and legal inforamtion for regional 
water quality planning purposes. As a result, much of the study design focused on 
describing potential water quality impacts that may be common to most of the 
uranium mining industry. Much more detailed work would have to be performed 
before comprehensive impacts of a specific mining facility could be identified. 

In a similar sense, in areas where ground water contamination was detected, no 
attempts were made to delineate the entire areal extent of contamination. 
Therefore, no,estimates are made ofthe total volume of waters affected by industry 
activities. 

Information in this report pertaining to regulatory requirements (Chapters X and 
XI) reflects conditions that existed at the end of 1985. 
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The New Mexico Environmental Improvement Division's regional assessment of 
uranium mining impacts is an outgrowth of active public and governmental interest 
in the environmental consequences of uranium industry activities in the Grants 
Mineral Belt in the mid-1970^s. This interest was sparked by a joint U.S. 
Environmental Protection Agency-New Mexico Environmental Improvement 
Agency investigation of water quality. After the resultsof this state-initiated 
investigation were published by the U.S. Environmental Protection Agency in 
September 1975 as Water Quality Impacts of Uranium Mining and Mill ing in the 
Grants Mineral Belt, New Mexico governmental agencies assessed their knowledge 
of environmental, economic, and social conditions in the Grants Mineral Belt and 
identified areas for further research. More specifically, the Environmental 
Improvement Agency established its Grants Mineral Belt Task Force in 1976 to 
examine the wide range of environmental concerns associated with uranium 
development, including impacts on air and water quality, radiation and toxic 
chemical pollution, the adequacy of regulatory authority, and problems related to 
expanding population within.the region. 

Investigation of environmental impacts of the uranium industry was made a priority 
by the Environmental Improvement Agency in July 1976. One o f the areas 
identified for further research by the Grants Mineral Belt Task Force was the water 
quality impacts of discharged minewaters (the mines lie within aquifers) on surface 
watercourses and underlying shallow alluvial aquifers. The decision was made to 
study such impacts with funding from the.grant for water quality planning then 
being awarded to New Mexico under Section 208 of the federal Clean Water Act. 
Ultimately, study of water quality impacts was carried out under alLthree Section 
208 grants received by the New Mexico Environmental Improvement Agency (after 
April 1978, the Environmental Improvement Division) supplemented with state 
funds. 

The regional assessment was'designed and initiated by John G. Dudley. After he left 
the agency in 1980, the project was carried to its conclusion by Bruce Gallaher, 
joined later by Steven Cary, Credit must be given to Bruce Gallaher and Steven Cary 
for their reevaluation on the scope and direction o f the project, Asa result 
information on runoff was collected both from areas unaffected by uranium mining 
and from mine waste piles and increased emphasis was given to collection data on 
total contaminant concentration as opposed to dissolved contaminant 
concentrations. 

The major focus on the assessment is on the minewaters discharged to surface 
watercourses. The effect these have had on altering ephemeral watercourses to 
perennial, though artificially maintained, streams is examined as in the relation 
between surface f low and recharge of underlying shallow, alluvial aquifers. The 
discharge minewaters are characterized chemically and chemical impacts on both 
surface water quality and on alluvial ground water quality are assessed. 

The regional assessment of uranium mining impacts, however, is much more than 
simply a study focused on mine dewatering. In order to evaluate the significance of 
dewatering, natural water quality (i.e., water quality unaffected by uranium 
industry mining or milling) had to be characterized. Sampling was not limited to 
perennially f lowing streams and ground waters. As the water natural in such Grants * 
Mineral Belt watercourses as the Puerco River, Arroyo del Puerto, and San Mateo 
Creek results from runoff, storms and snowmelt, natural runoff was sampled as 
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well . In the Grants Mineral Belt, though, runoff may also result from areas affected 
by the uranium industry. Since mine waste piles have a potentially substantial 
effect on stream quality, characterization of natural runoff led to characterization 
of mine waste pile quality. . 

Field work for the regional assessment was performed over the period from 1977 to 
1982. During the period from 1978 to 1980, processed uranium production peaked 
in the Grants Mineral Belt. Production declined in 1981, though it was still 
substantially higher than pre-1978 production, but by 1982 production had declined 
considerably to levels similar to the mid-1950's when the industry started in New 
Mexico, today, only the Homestake Mining Company mines, the Kerr-McGee 
(Quivera Mining Co.) Ambrosia Lake mine, and the Gulf Mt. Taylor mine are 
discharging minewaters in the Ambrosia lake mining district. Similarly, the only 
dewatering in the Church Rock district is from the Kerr-McGee (Quivera Mining Co.) 
Church Rock mines. No other mines in the Grants Mineral Belt are still dewatering. 

That this assessment has been brought to fruit ion is the result of collective efforts of 
many individuals. Officials in both the regional office in Dallas and the Washington, 
D.C. headquarters of the U.S. Environmental Protection Agency have given support 
and encouragement. David Miller of Geraghty and Miller, Inc. provided guidance 
when the direction of the assessment was being reassessed. But more importantly 
this assessment represents the effortsof too many present and former members of 
the Environmental Improvement Division to acknowledge then all individually, or 
perhaps even to remember all their efforts. At the same time, it would not be fair 
no t t o acknowledge those individuals whose efforts have contributed most 
prominently to this assessment. Besides the already mentioned Steven Cary, John G. 
Dudley, and Bruce Gallaher, these include Catherine Callahan, Patrick Longmire', 
Charles Nylander, Steven Oppenheimer, Michael Snavely, and Richard L. Young, 
Lastly I coordinated the production o f the final report and contributed substantially 
to its writ ing and editing and thus must accept part of the responsibility for the 
contents. 

Douglas L. Schneider 
Water Quality Planning Section 
Environmental Improvement Division 
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I. CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

A. Uranium mine dewatering effluents have altered surface water chemistry. 

Uranium mine dewatering has transformed ephemeral arroyos into perennial 
streams. In natural runoff, trace elements and radionuclides are primarily 
associated with suspended sediments and precipitates. In treated minewaters, 
trace elements and radionuclides are usually present in the dissolved form. 
Dissolved gross alpha activity in dewatering effluents exceeds levels in natural 
runoff by up to 1(30 times.. Molybdenum, selenium, and uranium are consistently 
higher in minewaters than in natural runoff. Arsenic, barium, and vanadium are 
occasionally elevated as well . 

Uranium, molybdenum, selenium, and principal dissolved salts generally are not 
attenuated in channels that receive minewaters; instead they remain in solution. 
In drainages that are relatively sediment-free such as Arroyo del Puerto, radium-
226 and lead-210 tend to stay in solution. However, most regional watercourses 
have plentiful sediment; under these circumstances radium-226 and lead-210 in 
minewaters are usually lost from solution shortly after their release. In 
sediment-rich streamflows, sediments carrying minewater contaminants are 
diluted by clean sediments and levels of radioactivity associated with arroyo 
sediments eventually become indistinguishable from natural conditions. 

B. Uranium mine dewatering effluents have contaminated shallow alluvial ground 
waters. 

Infiltration of large volumes of dewatering effluents has changed the chemistry 
of shallow alluvial ground waters. In reaches where stream-bottom leakage is 
great, alluvial ground waters now bear a stronger chemical resemblance to 
minewaters than to natural surface waters. This change is particularly evident in 
terms of general ionic chemistry and total dissolved solids. Trace minewater 
constituents that remain in solution, such as uranium, selenium, and 
molybdenum, are also found in shallow ground waters in concentrations 
approaching those of undiluted minewaters. Alluvial aquifers recharged 
primarily by dewatering effluents have thus assumed the chemistry of the 
minewaters. 

J • 

Dewatering effluents have had these effects on alluvial ground water 
throughout the GMB. Locally, concentrations of uranium, molybdenum, 
selenium, and gross alpha activity exceed natural levels by 10 to 40 times. 
Ground water degradation is most pronounced in the Ambrosia Lake Mining 
District because most mine dewatering has occurred there, the chemical quality 
of minewaters is poor, and alluvium in local drainages promotes infiltration. 
Effluents have degraded the Puerco River alluvium with trace elements and 
radionuclides, but no t to the same degree as in Ambrosia Lake. Limited impacts 
are attributable to low infiltration rates along the Puerco River. 



Contaminant concentrations in shallow ground water may be mitigated through 
di lut ion, adsorption, cation exchange, and chemical equil ibrium. Because 
uranium, molybdenum and selenium all tend to form anions in solution, these 
constituents are mobile in the subsurface and their concentrations are unlikely 
to be reduced except by dilution wi th cleaner water. Moreover, geochemical 
computer modelling suggests that uranium concentrations in regional alluvial 
acjuifers wil l not decline solely as a result of long term chemical equilibrium 
adjustments. In contrast, radium-226 forms a cation in solution. Consequently, it 
is attenuated so effectively in regional alluvium that infi ltration of minewaters 
has increased the dissolved radium-226 content of shallow ground water only by 
about 0.1 pCi/l. 

C. Uranium mine spoils piles adversely affect the quality of surface waters. 

Ten to 20 abandoned mines, as well as some large active mines, have waste piles 
that are eroding directly into local drainage channels. Although suspended 
sediment concentrations in mine-waste runoff are similar to natural sediment 
loads, mine-waste runoff contains contaminants in concentrations that exceed 
natural levels by up to several hundred times. Uranium mine waste piles are 
major contributors of heavy metals to surface waters; uranium and molybdenum 
are o f the greatest regional concern, while arsenic^ selenium, and vanadium may 
be locally elevated. Of even greater significance are several radioactivity 
parameters: gross alpha activity in mine waste runoff exceeds natural activity by 
up to 200 times; levels of natural uranium and radium-226, two major alpha 
emitters, exceed natural runoff levels by over lOOtinies; and gross beta activity 
and its chief contributor, lead-210, are also far in excess of natural runoff levels. 

• In spite o f the high contaminant concentrations in waste-pile runoff, however, 
the limited duration of these runoff events moderates the potential for regional 
scale contamination to occur. 

Open pit mining, exclusive of waste piles, has caused degradation of water 
quality in the perennial Rio Paguate. The greatest increases in dissolved 
concentrations were exhibited by radioactive constituents: gross alpha activity, 
radium-226, and natural uranium. There were no statistically significant 
increases in dissolved trace element concentrations, except for uranium. Impacts 
on the Rio Paguate of stormwater runoff from open pit mine waste piles was not 
evaluated, but is probably similar to the effects identified at other waste piles. 

D. Widespread treatment of raw minewaters to remove radium-226 has been 
generally effective in improving the quality of minewater effluents, but the 
resulting treatment pond sludges are extremely contaminated. 

Raw minewaters may contain elevated concentrations of several constitutents, 
such as gross alpha and beta activity, radium-226, lead-210, uranium, 
molybdenum, selenium, sulfate, total dissolved solids, and occasionally barium, 
arsenic, and vanadium. Treatment of these waters through coagulation and 
settling reduces concentrations of radium-226 and uranium by many fold. 
However, large influxes of dissolved radium-226 may be introduced to surface 
waters during treatment process failures. Moreover, sludges which accumulate 
in minewater treatment pond bottoms are highly concentrated in radium-226, 
and may require special disposal practices. 

E. As a consequence of uranium mining in the GMB, the chemical quality of much 
surface and ground water is inconsistent with regional water uses. 



stormwater runoff from uranium mine waste piles is definitely not suitable for 
watering livestock. Total unfiltered concentrationsof arsenic, cadmium, lead, 
selenium, vanadium, gross alpha activity and radium-226 are not consistent wi th 
ingestion of this v\J'ater by livestock. The quality of natural runoff in the 
Ambrosia Lake Mining District admittedly is poor, but the quality of mine waste 
pile runoff is worse. This conclusion is also expected to apply in the Church Rock 
mining district. 

While certain radioactivity parameters are elevated in the Rio Paguate below the 
Jackpile open pit mine, overall water quality both upstream and downstream of 
the mine is consistent with livestock use. 

Treated minewaters may not be suitable for livestock watering, irrigation or 
dohnestic water supply. The chief constituents rendering minewaters unsuitable 
for livestock watering are selenium and radium-226. Principal constituents 
making minewaters undesirable for irrigation include selenXum,;radi'um-226, 
molybdenum, and total dissolved solids. Minewatersaregemerally unsuitable 
for domestic water supply because of elevated levels of selenium, radium-226, 
and total dissolved solids. Other constituents, such as arsenic, barium, sulfate, 
and vanadium, may be problematic locally. In general, treated minewaters in 
the Ambrosia Lake District are of poorer quality than those in the Church Rock 
District. 

f r h e shallow alluvial aquifer along San Mateo Creek has definitely been 
\ chemically impaired for use in irrigation, watering of livestock, or domestic 
I water supply. Molybdenum, selenium, and gross alpha activity are found at high 
^ n o u g h concentrationsto render this water unsuitable. Along the Puerco River, 

conclusions are less obvious because the alluvium is less permeable and a 
uranium mill tailings spill has obscured some minewater impacts. Nevertheless, 
selenium and molybdenum levels in one well suggest that ground water uses 
along the Puerco River may be impaired. 

. Several regulatory tools, in place or anticipated, may be useful in controlling 
uranium mining impacts on regional water resources. 

Appropriate water pollution control statutes are the federal Clean Water Act 
(CWA) and the New Mexico Water Quality Act (WQA). Other statutes that may 
bear on the effort to protect water resources in the GMB include the New 
Mexico Radiation Protection Act (RPA), the federal Resource Conservation and 
Recovery Act (RCRA), the federal Comprehensive Environmental Response, 
Compensation and Liability Act (CERCLA), and the New Mexico Abandoned Mine 
Reclamation Act (AMRA). 

The National Pollutant Discharge Elimination System (NPDES), authorized by the 
CWA, has not yet proved to be an totally effective means to regulate minewater 
discharges. First, key minewater constituents, such as selenium and 
molybdenum are not covered. Second, legal challenges by mine operators have 
caused many permits to be temporarily stayed, during which time they are 
unenforceable. Technically, the EID can add parameters to NPDES permits via 
the state certification process. However, development of limitations for toxic 
trace elements in minewater discharges is hampered by state surface water 
quality standards and procedures that are technically burdensome and of 
uncertain applicability. 
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state of New Mexico regulations, promulgated under the Water Quality Act, 
have also been ineffective in controlling mineyvater discharges. Virtually all key 
minewater constituents,.including uranium and radium-226, have remained 
uncontrolled under these regulations. 

Control of contamination by solid mine wastes, including pond sludges, may be 
best achieved through application of regulations promulgated under the Water 
Quality Act. One provision of this Act prohibits disposal of refuse in a natural 
watercourse. Further, this provision has precedent for use in compelling cleanup 
of molybdenum and copper mine wastes. 

Uranium mine wastes are not adequately covered by the Abandoned Mine 
Reclamation Act, the Radiation Protection Act or the Resource Conservation and 
Recovery Act. The AMRA wil l probably notbe used in the immediate future for 
addressing water quality problems associated with uranium mines. However, 
both the Radiation Protection and the RCRA regulations could be amended to 
cover such materials. The EPA is presently studying just such proposed changes 
to the RCRA. 

At the present time, the Comprehensive Environmental Response, Compensation 
and Liability Act is generally anticipated to have limited utility in ameliorating 
problems associated with uranium mine wastes in New Mexico, at least as far as 
Superfund-financed cleanups are concerned. However, CERCLA empovyers U.S. 
EPA to enforce against site owners in orderto compel cleanup. Also, CERCLA 
authorizes legal action by states against site owners in orderto recover response 
costs and damage to natural resources. 

RECOMMENDATIONS 

Analysisof water quality impacts of uranium mining in the Grants Mineral Belt has 
revealed three major concerns that require regulatory or administrative action. In 
order of importance, these three major concerns are: discharge of mine dewatering 
effluents into ephemeral surface waters; stormwater runoff from unreclaimed 
uranium mine waste piles; and the potential for radionuclide-rich minewater 
treatment sludges to enter surface watercourses. Surface waters and associated 
alluvial ground waters are potentially affected. A variety of regulatory and 
administrative tools may be useful in addressing these concerns. Specific 
recommendations are discussed below. 

A. Uranium Mine De.waterinq Effluents 

1. New and renewal NPDES permits for discharge of uranium mine dewatering 
effluents in New Mexico should incorporate stringent numeric effluent 
limitations for radium-226 and other parameters related to downstream uses 
of these waters. Such effluent limitations may be incorporated in permits 
through state certification by the EID or through case-specific analysis by the 
EPA. Needed effluent limitations can be developed only after consideration 
of present water uses, likelihood of future uses, and available water 
treatment technologies. Successful implementation of this recommendation 
will require coordination between the EID and the EPA.. 



2. The NewMexico Regulations for Discharges to Surface Waters should be 
substantially amended to serve as an effective mechanism for regulating 
discharges of uranium mine dewatering effluents to surface watercourses. 
Amendments should include comprehensive numeric discharge limits, not 
only for those chemical constituents regulated by NPDES, but for all 
constituents necessary to protect water quality for agricultural and domestic 
use. 

B. Unreclaimed Uranium Mine Waste Piles 

1. Removal or stabilization should be implemented a t the largest uranium mine 
waste piles eroding directly into surface drainages. Priority sites include the 
Old San Mateo Mine near San Mateo Creek and the Jackpile-Paguate mine 
areas along the Rio Paguate. These actions could be based on tine provision 
o f the WQCC regulations regarding Disposal of Refuse (Section 2-201). State 
suits under CERCLA then should be used to recover cleanup costs. 
Alternatively, the EID could pursue cleanup using EPA enforcement under 
CERCLA, or using state resources acquired through state suits under CERCLA. 

2. The EID should postpone action to regulate future uranium mine waste piles 
directly. It is anticipated that the EPA wil l decide during 1986 whether to 
regulate uranium mine waste under RCRA. Should the EPA decide not to 
regulate mine waste piles under RCRA, the EID should recommend that the 
EIB amend the New Mexico Radiation Protection Regulations to extend their 
applicability to mine waste piles. 

C. Minewater Treatment Pond Sludges * 

1. If the U.S. EPA chooses no t to regulate mine wastes under RCRA, the EID 
should recommend that the EIB amend the New Mexico Radiation Protection 
Regulations to control these sludges fully and effectively. 

9 
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• VI, HYDROLOGIC EFFEaS OF MINE DEWATERING EFFLUENTS 

Disposal of uranium mine dewatering effluents in the normally dry arroyos of the Grants 
Mineral Belt has had a significant impact on regional surface waters and ground waters. 
Where dewatering occurs, ephemeral streams are transformed into perennial streams. 
The artifically supplied perennial streams have dramatically increased the volume of 
water that recharges underlying alluvial aquifers. The added recharge has raised water 
tables and increased the amount of ground water that can be easily obtained from 
shallow wells. Asa result, more near-surface ground waters and surface waters are 
available. 

6.1. HISTORY 

The history of uranium mine dewatering has been summarized by Perkins and Goad 
(1980). In general, dewatering has been performed continuously in the region since at 
least 1956. The Church Rock and Ambrosia Lake rnining districts have witnessed the 
largest volume of mine dewatering. Water production from mines in the Ambrosia Lake 
district has been continuous since 1956, with peak production in the early 1960s. 
Significant dewatering in the Church Rock area began in 1967 and peaked about 1980. 
Decline of the industry since 1980 has caused several mines to close and the flow of 
dewatering effluents to diminish in both the Ambrosia Lake and Church Rock districts. 
Some mines which are not extracting ore, however, have been placed on "stand-by 

•
status" and continue dewatering operations. Figure 6.1 illustrates the history of 
minewater production in the Grants Mineral Belt through 1982. 

6.2- HYDROLOGIC IMPACTS ON REGIONAL SURFACE WATERS 

6.2.1. General Characteristics of Flow Before and During Mine Dewatering 

Prior to dewatering of underground uranium mines in the 1950s and 1960s, the regional 
drainages were ephemeral. These streams experienced an wide range of discharges, 
from zero f low to large flash floods (e.g.. Busby, 1979). Maximum discharges of flash-
floods often reach several thousand cubic feet per second (cfs) (Thomas and Dunne, 
1981). The only significant perennial waters in the region are a few small springs along 
the Puerco River, and perennial streams draining the north and east flanks of Mt. Taylor. 

Discharges of uranium mine dewatering effluents have transformed several ephemeral 
streams to perennial streams flowing for many miles. Minewaters have provided 
perennial baseflow for Pipeline Arroyo and the Puerco River in the Church Rock mining 
district, and Arroyo del Puerto and San Mateo Creek in the Ambrosia Lake mining district. 
Other newly created perennial streams occur in other regional mining districts not 
covered by this report. Table 6.1 presents approximate average distances that perennial 
f low conditions are sustained by various mme discharges during 1979-1981. The greater 
distances occur along river reaches where stream bottom leakage rates are relatively low. 

9 
Before mine dewatering, f low m the Puerco River, for example, was distinctly seasonal .>. 
(Figure 6.2). One season of f low was late winter (February through April) a time of gentle 
frontal precipitation and melting snow. May and June were months of littie or no 
precipitation and low stream t o w in the Puerco River. The second season of flow was 
middle-to-late summer (July through October). Summe'-s in the region are usuaii. 
characterized by frequent, intense, and isolated thunderstorms that can produce 'arge 

-fifi. 
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TABLE 6.1 Approximate Average Distances of Constant Flow below Mine 
Discharges, 1979-1981. Location of mining districts shown on Figure 
2.1. 

DRAINAGE CHANNEL VOLUME OF DISCHARGE APPROXIMATE DISTANCE 
(gallons per minute) OF FLOW* (miles) 

Puerco River 
Church Rock Mining District 

5000 50 

Arroyo del Puerto 
Ambrosia Lake Mining District 

2300 

/f^ San Mateo Creek 1500 

Mt. Taylor Mining District 
San Lucas/Arroyo Chico 4000 40 

Kim-me-ni-oli Wash 
Crownpoint Mining District 

3400 ' 2 0 

Rio Marquez 

RioSalado 

Marquez Mining Area 
1000 

1000 

15 

10 

*Distances are based on the authors' observations, review of EID files, and U.S. 
Geological Survey annual water data reports. 
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at Gallup, N.M. before mine dewatering (1940-1946) 

at Gallup, N.M. with mine dewatering (1977-1982) 

ai 566 bridge near Church Rock (1977-1982) 
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FIGURE 6.3 L̂̂ JT' ^."^^^'.O" <L̂ '*ves for the Puerco River before mine dewatering 
and with mine dewatering ^ 
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flash floods. Autumn months of November through January were once again dry, in 
terms of both precipitation and stream flow. 

With ongoing mine dewatering, f low in the Puerco River become continuous. Figure 6.2 
showsthat climatic dry seasons (May through June and November through January) are 
no longer times of no flow in the Puerco. Whereas during these months in the 1940s the 
Puerco River was often without f low, between 1977 and 1982 the river was never d ry and 
f low at all months averaged at least 120 cfs-days. 

Figure 6.2 depicts augmented late winter stream flows, but few high flows in middle-to-
late summer. The dearth of summer high flows in recent years reflects the failure of 
significant summer thunderstorms to materialize over the basin from 1978 to 1981, 
These storms returned in 1982 and 1983. A longer period of record would probably show 
the continued presence of the two high f low seasons that typified the pre-mining era. 

6.2.2. Characteristics of Low Flows 

Flow duration curves constructed for daily discharges in the Puerco River for the periods 
1940 to 1946 and 1977 to 1982 further demonstrate the change in low f low conditions 
attributable to the continuous discharges of uranium mine dewatering effluents (Figure 
6.3). Prior to mine dewatering, streamflow in the Puerco River at Gallup was greater than 
1 cfs only 20 percent of the time (Curve A). In fact, the stream was normally dry. Since 
mine dewatering, however, the Puerco River has been perennial. The median discharge 
(that f low that has been equalled or exceeded 50 percent of the time) is now about 5 cfs 
at Gallup (Curve B) underthe new artificial f low regime. 

The Pipeline Arroyo/Puerco River system is now perennial from the Church Rock mines to 
as far as Arizona, a distance of about 50 river miles. Eventually, unless naturally 
augmented, all surface flow is lost to infi ltration, evaporation, and transpiration. 
Comparison of median flow at Church Rock (Curve C) and Gallup (Curve B) suggests that 
about 2.5 cfs of f low is lost between these two gages. As the Puerco River continues into 
Arizona, its f low eventually becomes intermittent and then ephemeral. 

6.2.3. Annual Water Yield 

Annual water yield, or the yearly volume of surface flow, in the Puerco River at Gallup has 
increased substantially because of mine dewatering (Table 6.2). The logarithmic mean 
annual water yield at Gallup was about 1900 cfs-days in the 1940s. This is assumed to be 
representative of pre-mining conditions. The years 1977-1982 exhibit a logarithmic mean 
annual water yield of about 3400 cfs-days. These years, therefore, exhibit a 78 percent 
increase in water yield over pre-mining conditions. 

.7n . 



TABLE 6.2 Annual discharge for the Puerco River at Gallup before Mine 
Dewatering and wi th Flow Augmented by Mine Dewatering in cfs-days. 
Source: USGS. 

BEFORE MINE DEWATERING WITH MINE DEWATERING 

Water 
Year 

1940 
1941 
1942 
1943 
1944 
1945 

Annual 
Discharge 

7,283 
1,459 
2,893 

741 
3,264 

645 

Water 
Year 

1978 
1979 
1980 
1981 
1982 

Annual 
Discharge 

1,502 
5,656 
5,463 
2,702 
3,446 

Log Mean 1,906 3,366 

% 

Although no stream f low data exist for San Mateo Creek before mine dewatering, f low 
records for 1977 through 1982 include periods both of active discharge to San Mateo „ 
Creek and of no discharge. Dewatering was ongoing in 1977, when flow measurement in 
San Mateo Creek began. At that time, about 2900 gallons per minute of dewatering 
effluents were released to San Mateo Creek (Perkins and Goad, 1980). Beginning in 
spring 1978, however, virtually all effluents were diverted for irrigation and to an 
adjacent drainage basin and did not reach San Mateo Creek. The impact of this diversion 
on f low in the stream can be seen in Figure 6.4. It is clear that the dewatering effluents 
maintained a small perennial stream at the gage site. Without the minewaters, f low in 
San Mateo Creek at the gage site is much reduced and ephemeral. 

6.3 HYDROLOGIC IMPACTS ON REGIONAL GROUND WATERS 

Streams created by the discharge of dewatering effluents are, with the possible 
exceptiorTof a few reaches, losing flow to the subsurface While some surface flow is 
evaporated or transpired, a large volume infiltrates into the arroyo beds, and thereby 
recharges tne snailow ariiivTai aquirers"3fTlie"Puerco RTver77\rroyo del Puerto, and ban 
Mateo Creek, among others. 

• 

f Rates of infiltration were probably greater at the onset of mine dewatering than they are 
•..•_today_b.e.causp_nla.-graduaL"fil.l.ing"..of •available storage in the alluvium. Infiltration 

rates a I ong Arroyo del Puerto and San Mateo Cre ek ar e rapid Rel ative to the Puerco 
"RLver. due to an abundance of sandy materiaMnjain_Mateo Creek and because of 
influences of underlying dewatered bedrock aquifeFs".n5'ag[iTi^?t"alTTdTe?tg~'avgr?ge 
stream bed losses along the San Mateo Creek OT approximately 0.72 m^/min/km, as 
compared with bed losses along the Puerco River of about 0.24 m3/min7km (EPA 1983). 

Infiltration has been estimated to range from at least 90 percent to perhaps 99 percent of 
mine discharge (EPA. 1983). A review o t t low records trom the Church Kock mining 
district showed seepage losses of 7.5 m3/min in October 1975, and 7.25 m^./min in July 
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1977 and May 1978. In the Ambrosia Lake mining district, infi ltration was calculated at 
7.54m3/min. 

The overall hydrologic impact of mine dewatering on bedrock aquifers has been a 
region-wide acceleration of drawdown in these aquifers. In a limited number of stream 
reaches, however, the hydraulic connection between the alluvial aquifer and underlying 
bedrock allows some recharge of deeper sandstone aquifers (Lyford, 1979), i.e., water 
pumped from the mines is returned to the sandstone aquifers via recharge. 

6.3.1. Hydraulic Connection Between Surface Waters and Shallow Ground Waters 

While recharge generally is a continuous process along the minewater-dominated 
streams, it is intermittent under natural conditions. The intermittency of natural 
recharge largely minimizes the potential for dilution of contaminant concentrations in 
minewater affected ground water. Under natural conditions, ground-water levels most 
clearly demonstrate a response to surface flows in late winter and early spring. This 
period, usually February to Apri l , is one of warming weather, melting snows, and gentle 
frontal rains. Stream flows during this period are usually increased above low winter 
flows. Moreover, these higher flows tend to be of long duration, often lasting several 
weeks. These flows, even though not of the magnitude of summer flash floods, provide a 
prolonged period of heightened flows that enhance infi ltration to the underlying 
alluvium. 

Figures 6.5 and 6.6 illustrate the intermittency of recharge from natural runoff along a 
reach of San Mateo Creek. In March and early April of 1980, a time when mine 
dewatering discharges to the.channel were insignificant, occasional flows of less than 1 
cfs, recharged the alluvium and caused the water table to rise slowly (Figure 6.5). In late 
Apri l , however, stream flow increased to as great as 3 cfs. The period of increased flow 
was almost two weeks long, ending on April 29, 1980. Ground water response to the 
elevated flows was rapid: the watertable began to rise within one week and peaked in 
mid-May, more than one foot higher than in mid-April. 

In general, shallow ground water levels are much less responsive to summer flash floods. 
Such floods exhibit peak discharges often as great as several thousand cfs, but their 
potential for recharging ground water is offset by their brevity. The large volumes of 
thunderstorm runoff usually traverse miles of arroyo bed in a matter of hours. While 
most of the water eventually does infiltrate, it may penetrate only a short distance into 
the alluvium. Very little water reaches the water table; most is ultimately evaporated or 
transpired. 

The relationship between surface flows and ground water levels in summer is illustrated 
in Figure 6.6. After receiving significant recharge in late April 1980, the alluvial aquifer 
underlying San Mateo Creek experienced a declining water table through the summer. 
Brief runoff events generated by thunderstorms during August had an insignificant 
impact on the declining levels. Even the high flows of September, which had an 
instantaneous peak discharge of 16 cfs (U.S. Geological Survey, 1980), failed to percolate 
to the underlying alluvial aquifer in noticeable quantities. While summer flash floods 
resulting from thunderstorms are probably too short-lived to significantly recharge 
alluvial aquifers, San Mateo Creek and other alluvial systems in the region do 
demonstrate a close hydraulic connection that is most responsive to late winter and 
spring stream flow. 

-74-



67.0 -1 

depth 

to water 

(feet) 

68.0 

690 

700 

71.0 

720 

r- 5 

- 4 

- 3 
discharge 

(cfs) 

- 1 

0 

FIGURE 6.5 Streamflow and ground-water levels at the San Mateo Creek near 
San Mateo gaging site, February-July, 1980 
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6.3.2. Storage of Water in Alluvial Aguifers 

Much of the water resulting from the dewatering of uranium mines has gone into 
storage in valley fil l aquifers. Indeed, in the Ambrosia Lake district, water tables in 
affected aquifers may have risen as much as 50 feet between the onset of mine 
dewatering in the 1950s and the late 1970s (Kerr McGee Nuclear Corp.,1981). 

Minewater production has been greatly reduced in the Ambrosia Lake district in recent 
years. Major minewater producers of the 1960sand 1970s (Kerr-McGee and Ranchers 
Exploration, for example) have drastically curtailed or completely ceased their discharges 
of dewatering effluents into San Mateo Creek and Arroyo del Puerto. Cessation of 
minewater discharges in this drainage basin has resulted in a diminished volume of water 
recharging the alluvium. Water levels in well OTE-1, below the confluence of Arroyo del 
Puerto and San Mateo Creek, showed continuous decline from March 1978 to March 1982 
(Figure 6.7). During th is t imethe watertable at this site fell a total of eight feet, a rate of 
2.0 feet per year. Alluvial water levels subsequent to the cessation of mine dewatering 
now appear to be returning to their natural conditions. 

6.3.3. Bedrock Aguifers 

Forthe most part, ground water recharge by dewatering effluents is limited to the 

•
shallow alluvial aquifers. There are a few stream reaches, however, in which the 
saturated valley fill overlies permeable bedrock with a downward hydraulic gradient. 
These places are recharge zones for northward dipping bedrock aquifers such as the 
Morrison Formation. At these localities, dewatering effluents are drawn by the 
downward gradients into the alluvium and eventually into the underlying sandstone. 

Recharge of bedrock units by minewaters is seen to occur at varying degrees in virtually 
all o f the mining districts where minewaters f low across bedrock subcrops or outcrops 
(Figure 6.8). This recharge mechanism has been noted in the Church Rock area by 
Raymondi and Conrad (1983) and Gallaher and Cary (1986); at Ambrosia Lake by 
Kaufmann, Eadie, and Russell (1976), Brod and Stone (1981), and Stephens (1983), and 
near San Mateo by Gulf Minerals Resource Co. (1979). 

The total volume of minewater which enters the bedrock units probably represents only a 
small fraction of that which infiltrates to the shallow alluvial aquifers. Nevertheless, in 
the Ambrosia Lake district, effluents discharged to the Arroyo del Puerto and to the San 
Mateo Creek constitute a significant proportion of the locally derived recharge in the 
Dakota and Morrison Formations. 

Recharge o f the Morrison Formation by minewaters within the drainages is encouraged 
by regional dewatering of the unit by the mines. Despite some return f low of formation 
waters, local water level declines in excess of 500 feet have resulted from the dewatering 
(Lyford and others, 1980). 
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VII. IMPACTS OF MINE DEWATERING EFFLUENTS ON SURFACE WATER QUALITY 

This chapter documents the chemical influencesthat mine dewatering effluents have had on 
the natural surface water environment. The chemical quality of treated minewaters differs in 
several important ways from the chemical quality of receiving surface waters. Dewatering 
effluents are most often different wi th respect to amounts of total dissolved solids and 
suspended sediments, general ioniccomposition, and concentrationsof trace elements and 
radionuclides associated with uranium ore deposits. 

iiln most affected drainages, dewatering effluents constitute a substantial portion of the total 
iiamount of water. Therefore, water quality characteristics of receiving streams frequently have 
been altered to reflect the chemical character of minewater rather than their natural quality. 
!A comparison o f the quality of effluent streams with regulatory standards is presented in 
Chapter IX. 

7.1 RAW MINEWATERS 

A review of the literature indicatesthat various trace elements, radionuclides, and dissolved 
salts can be found in raw (i.e. untreated) uranium mine dewatering effluents (Clark, 1974; U.S. 
EPA, 1975; Perkins and Goad, 1980). In raw minewaters in the Grants Mineral Belt (Table 7.1), 
the constituents present at elevated concentrations are 1) gross alpha_an_dl3_eta.p.art.LcJ_e__ 

^c t i v i t i es and the radionuclides radium-226. lead-210. and natural uranium; 2) the trace 
flfcements molybdenum and selenium and; 3) dissolved solids, particularly sulfate. 
^Occasionally, barium, arsenic, and vanadium are detected at elevated concentrations in raw 
) minewaters. 

It was only in the past decade that mine dewatering effluents received any noteworthy 
treatment be for i their release into Grants Mineral Bel: drainages. Until that time thousands 
of gallons per m i n u t e d raw minewaters were discharged to Arroyo del Puerto and-tb-e_&.u.e.rco 

i^t\re'r7~As suggested by I aBTie"7.T7These waters often contained high levels of uranium, radium-
226, and gross alpha particle activity. 

7.2 TREATED MINEWATERS 

Beginning in the mid-1970's. the Quality of minewaters discharqed to watercourses began to 
improve, because many mine operators adopted minewater treatment systems The basic 

_tLe,atment strategy is outlined by Perkins and. Goad (1980): 

Once the water pumped from a mine reaches the surface it usually goes through 
one or more mine water settling ponds. At most facilities a flocculant is added to 
promote settling. Barium chloride is usually added to the liquid after it has gone 
through one or more suspended solids settling ponds. Further settling and 
precipitation of radiurh asa barium sulfate salt then occurs as the liquid moves 
through additional settling pond(s). Where uranium levels are high enough to 
justify it, the liquid is usually run through an ion exchange (IX) plant for recovery 
of uranium contained in the mine water. The.JX plant may either precede or 
follow barium chloride treatment. 

• 
;As a result of treatment, minewater concentrations of radium-225, lead-210, polonium-21Q, 
natural uranium, and gross alpha activity are considerably reduced. Concentrations of mcbt 
other minewater constituents, though, are not greatly influenced by these treatments. As 
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TABLE. 7.1. Quality of Raw Minewater at Active Mines, 1980 -1982. All data reflect total concentration in grab samples 
collected by EID personnel. 

INSTITUENT 

TDS 
i C , 

^<. 

Vlo 
5e 
[J natural 

Gross alpha 
Sross beta 
^b 210 
^o 210 
^a-2?6 
rh-2?8 
rh ?30 
rh-232 

AMBROSIA LAKE MINING DISTRICT 

MAX. MIN. MEDIAN 

CHURCH ROCK MINING DISTRICT 

SAMPLE 
SIZE MAX. MIN. MEDIAN 

SAMPLE 
SIZE 

(mg/l) 

1.800 
1,030 

0.08 
S.30 
1.22 
200 

11,90011,400 
6,550 ± 590 
1,300 ± 100 

14 ± 2 
1,650 ± 50 

0.6 ± 0 3 
1,400 ± 100 

4.0 ± 0.2 

740 
310 

0.008 
<0.01 
0.014 
1.56 

490 ± 50 
30 ±16 
15 ± 4 

0.95 ± 0.35 
30 ± 9 

-0.1 ± 0.1 
0.2 ±0.1 
0.0 ± 0.1 

1.235 
715 

0.021 
1.19 
0.075 
3.82 

10 
10 

960 
458 

(mg/l) 

8 
10 
10 

•10 

0.40 
0.791 
0.071 
27.30 

(pCi/l -1- one sigma standard error of countin 

3.050 ±300 
280 ± 7 
690 ± 52 

4 ± 0.5 
280 ± 7 
0 0 ± 0 1 
3.3 ± 0.5 
0.0 ± 0.1 

14 
14 
4 
4 

14 
5 
5 
5 

24,000 ±1000 
6.440 ±550 
1,200 ± 100 

10 ± 1 
2,500 ± 800 

0.1 ±0 .1 
210± 10 
0.1 ± 0.1 

434 
126 

0.005 
0.008 
0.011 
2.100 

g) 

460 ± 30 
530 ±100 
44 ± 4 
3.4 ± 0.4 
7.0 ± 0.2 

-0.2 ± 0.2 
0.1 ± 0.1 
0.0 ± 0.1 

525 
156 

0.008 
0.030 

4.3460 

3,205 ± 150 
1,320 ± 200 

— 
— 

295 ± 5 
— 
— 

d 

9 
9 

6 
6 
6 
6 

10 
6 
2 
2 

10 
2 
2 
2 

1 



demonstrated in Table 7.2, a seven-fold reduction in average radium-226 and natural 
i f c a n i u m concentrations in treated minewaters is found when 1975 data are compared with 
~ 8 1 - 8 2 d a t a . 

TABLE 7.2 Comparison of 1975 Mine Dewatering Effluent Quality with 1981-82 Quality. 
Number of samples in parentheses. 

Constituent Flow-Weighted Means 
1975* 1981-82** 

Total Radium-226 (pCi/1) 7TTT23) 10.5(15) 
Total Uranium-natural (mg/l) 7.25(23) 1.0(14) 

* Calculated from data in U.S. EPA (1975). 
** Calculated from data in EID files. 

The quality of treated mine effluents during the period 1978 through 1982 is summarized 
for key constituents in Table 7,3. It is readily evident that substantial variability in water 
quality exists between the two major mining districts, as vvell as within each mining district. 
Most striking in this regard are the concentrationsof total dissolved solids, sulfate, 
molytjdenum, selenium, and radium-226. 

The wide range in radium-226 concentrations reflects occasional poor operation of the 
radium treatment systems. Thomson and Matthews (1981) attribute these "upsets" to 
incomplete mixing o f the mine waters wi th barium chloride and to poor settling o f the 
barium-radium sulfate precipitates. Variability in molybdenum, selenium, sulfate, and total 

Unsolved solids, on the other hand, cannot be attributed to ineffectual treatment. This 
^^ r iab i l i t y instead reflects chemical differences in the ground waters discharged from the • • 
jmines, as indicated in Table 7.1. 

As would be expected, sludges which accumulate in the minewater treatment pond 
bottoms as a result of settling, floculation, and precipitation are highly concentrated in 
radium-226 and other radionuclides. Analyses presented by Perkins and Goad (1980) and 
additional data in EID files indicate that the radium-226 concentrations in the accumulated 
sludges probably average more than 200 pCi/gram. Under standards proposed by EPA 
(1976). uranium mine wastes wi th a radium-226 concentration in excess of 5 pCi/gram would 
be treated as hazardous materials and subject to special handling and disposal procedures. 

7.3 EFFECTS OF MINE DEWATERING EFFLUENTS ON SURFACE-WATER QUALITY 

The previous chapter discussed the significant effects that discharge of minewater effluents has 
had onthe hydrology of watercourse in the Grants Mineral Belt. Effects on water quality have 
been similarly significant. This section discusses how the quality of these effluents differs from 
the quality of runoff that constitutes the natural water quality o f the stream and how the quality 
of these artifically maintained streams changes as the waters f low downstream. 

7,3,1. Comparison of the Quality of Mine Dewatering Effluents with Natural Runoff 
Quality 

9 der natural, pre-mining conditions, watercourses receiving mine dewatering effluents, such 
jas San Mateo Creek and the Puerco River, often have low flows or are even dry. When flow 
'occurs in these watercourses, it is the result either of storm runoff or of runoff from snow melt. 
Therefore, comparison of the quality of mine de'/vatenr-^g effluents 'with natural storm rur,Q'i 
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FABLE 7.3 Quality of Treated Minewater at Active Mines, 1977-1982. All data reflect total concentrations in grab samples 
collected by EID personnel. Number of samples in parentheses. 

NSTITUENT 

AMBROSIA LAKE MINING DISTRICT 

MAX. MIN. MEDIAN AVG. 

CHURCH ROCK MINING DISTRICT 

MAX. MIN. MEDIAN AVG. 

mg/l 

"DS 
.0.1 

\s 
la 
J\o 
>e 
J natural 
/ 

"iross alpha 
jross hot a 
•b 210 
'O-210 
ta-226 
!a-228 
h -228 
h-230 
h-232 

1 

2.615 
1.370 

020 
1.7 
3.2 
10 
3.0 
0.29 

1.760 ±100 
945 ±225 
33 ± 6 
14 ± 2 

200 ± 1 0 
0 1 2 

<0.3 
4 0 ± 0 5 

< 0 1 

* 

510 
185 

<0.005 
0.1 
0.03 
0.01 
0,2 
<0.01 

54 ±14 
84 ±16 
6.9 ±2 .6 

0 95 1 0.35 
0.12 1 0.04 

0± 2 
<0.1 
< 0 3 
<0.1 

1,610 
755 

0.011 
0.21 
0.80 
0.09 
1.56 
0.029 

635 ±70 
377± 125 
14± 5 

1.1 ± 0.4 
6.4 ± 1.2 

0 ± 2 
<0.1 
0.7 ± 0.2 
<0.1 

1440 (26) 
655 (22) 

0.02 (26) 
0.24 
1.0 (27) 
0.24 (27) 
1.5 (26) 
0.08 (21) 

pCi/l±SE* 

780 (14) 
435 (6) 
15 (9) 
6 (4) 
27 (28) 
0 (5) 
0.2 (3) 
1.7 (3) 
<0.1 (3) 

1.190 
600 

0.02 
2.1 
0.6 
0.3 
1.8 
0.07 

1.2001100 
663 ± 125 

10 ± 2 
15 ± 5 
89 ± 5 
<0.2 
0± 2 

3.9 ± 0.5 
<0.2 

360 
60 

<0.005 
0.10 
0.01 
0.01 
0.6 
0.01 

280 + 30 
322 ± 30 
4.5 ± 2.3 
3.4 ± 0.4 
0.67 ± 0.2 
<0.2 

0 ± 2 
<0.2 
<0.2 

452 
136 

<0.005 
0.413 
0.01 
0.04 
1.07 
0.012 

440 ± 40 
460 ± 74 

--
9.8 ±7.4 
2.0 ±0.2 

— 
— 

580 
210 

(16) 
(17) 

0.007 (16) 
0.5 
0.2 
0.07 
1.0 
0.02 

600 
480 

— 
10 
10 

__ 

m 

(15) 
(15) 
(15) 
(14) 
(13) 

(11) 
(6) 
(2) 
(13) 
(13) 
(2) 
(2) 
(2) 
(2) 

i 
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9 guality provides an indication of how the change from ephemeral to artificially-maintained 
erennial watercourses has affected chemical quality. 

Suspended Sediment 

^ In all effluent-dominated watercourses, suspended sediment concentrations under minewater 
' baseflow conditions are smaller than the concentrations borne by thunderstorm runoff (see 
Chapter IV). EID and uranium industry self-monitoring data indicate that these simple 
treatment measures, used to remove radium-226 before discharge to watercourses usually 
reduce suspended sediment concentrations from more than 100 mg/l in the untreated 
minewaterto less than 10 mg/l in the final effluent. Runoff has average suspended sediment 
concentrations greater than 30,000 mg/l. 

Although treated minewaters are relatively free of sediment when they are discharged, they 
eventually become burdened wi th suspended silts and clays. Stream channels in the Grants 
Mineral Belt which receive mine dewatering effluents are relatively free qf suspended 
sediments just below the point of minewater discharge. Silt and clay particles are entrained 
from the channel bed as f low continues downstream. On November 13,1980, for example, 
suspended sediment concentration increased from 52 mg/l below the Kerr-McGee Church Rock 
mine outfall in Pipeline Arroyo to 3500 mg/l in the Puerco River in Gallup approximately 19 
miles downstream. Similar trends were evident on other days as well. 

San Mateo Creek in the Ambrosia Lake district also entrains sediment. The prevalence of sand 
over fine-grained sediments in the San Mateo Creek alluvium, however, causes suspended 
ediment concentrations, typically less than 400 mg/l, to be lower than in the Puerco River 
' stem. 4 

Dissolved Solids 

Concentrations of total dissolved solids (TDS) in minewaters are variable in the Grants 
Mineral Belt. In the western portions of the Ambrosia Lake mining district, mines produce 
waters with 1200 to 1800 mg/l TDS (Perkins and Goad, 1980). These concentrations are 
reflected in Arroyo del Puerto, where TDS concentrations are often 1500 to 2,000 mg/l. 
Mixing of mine dewatering effluents with natural waters resulting from runoff occasionally 
dilutes TDS levels in this watercourse to less than 1,000 mg/l. Minewaters discharged to 
Arroyo del Puerto thus bear about twice the concentration of dissolved solids of that in 
natural runoff in the area, which is typically below 1,000 mg/l TDS. 

Jn contrast, minewaters produced in the Church Rock and the eastern portion of the 
"Ambrosia Lake districts usually contain only a few hundred mg/l TDS. Data presented by 
Perkins and Goad (1980) demonstrate that effluents discharged to Pipeline Canyon and San 
Mateo Creek contain only 300 to 600 mg/l TDS. TDS values in natural runoff are quite 
similar. In the these areas, therefore, minewaters have not influenced the TDS 

.concentrations of receiving streams. It is noteyvorthy that the TDS concentrations are only 
one-fourth of those found in western portion o f the Ambrosia Lake minewaters despite the 
fact that all minewaters are produced largely from the Morrison Formation. High TDS 
concentrations in the western portion of the Ambrosia Lake district have been attributed to 
greater mineralization of the host rock and to dewatering-mduced leakage of more saiine 
ground water into the mines from the overlying Dakota Formation (Brod, 1979; Kelley and 

hers, 1980). 9 
jThe relative concentrations of specific ions m minewaters appear to differ from 
concentrations found in natural runoff. Analysis of Figures 7.1 and 7.2 indicatesthat 
minewaters generally have proportionally rr,ore sodium and sulfate than natural runoff. 
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* Natural runoff 

MINES 

• Homestake IX 

V Kerr-McGee Sec. 35 a 36 

A Ranchers' Johnny M 

• Gulf Mt. Taylor 

FIGURE 7.1 Comparison o f the ionic composition of mine dewatering effluents 
and natural runoff. Ambrosia Lake mining district. Ions are 
expressed as percentage of total equivalents per liter. 
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* Natural runoff 

MINES 

• Kerr-McGee Churctt Rock 

• UNC Church Rock NE 

• 

FIGURE 7.2 Comparison o f the ioniccomposition of mine dewatering effluents 
and natural runoff. Church Rock mining district. Ions are expressed 
as percentage of total equivalents per liter. 
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Total versus Dissolved Concentrations 

In contrast to natural runoff in which contaminants are largely associated wi th suspended 
sediment and precipitates, trace elements and radionuclides in treated minewaters are 
generally present in the dissolved form. The proportions of minewater contaminants in the 
dissolved phase are highly variable, but typically the dissolved fraction of a contaminant 
constitutes more than 50 percent o f the total concentration (Table 7.4). Usually, more than 85 
percent of the total concentration of gross alpha activity, molybdenum, selenium, and natural 
uranium in minewaters is in the dissolved fraction. Dissolved radium-226 proportions average 
about 30 percent of the total concentration. 

The fol lowing discussion of trace elements and radionuclides focuses on comparison of total 
constituent concentrations in treated minewaters wi th total concentrations in natural runoff. 
Direct comparisons of dissolved concentrations are limited by the amount of available data. 
Nonetheless, based on information in Table 7.4, it can be assumed for many contaminants that 
even if minewaters and runoff have nearly equivalent total contaminant concentrations, then 
the dissolved concentrations in minewatersare probably significantly greater than in natural 
runoff, particularly for gross alpha particle activity, molybdenum, selenium, and natural 
uranium. 

Trace Elements 

Of the nine trace elements routinely analyzed in treated minewaters, only the concentrations of 
molybdenum, selenium, and uranium are consistently higher than in natural runoff (Figure 7.i 
Since these trace elements are known to be naturally associated wi th uranium ores, their 
presence in surface watercourses suggests that the watercourse is receiving mine dewatering 
effluents. Arsenic, vanadium, and barium are occasionally detected in significant 
concentrations in minewaters, th-e latter because it is added in the treatment process to remove 
radium-226. Cadmium, lead, and zinc are usually below detectable levels in dewatering 
effluents and are therefore judged not to be of concern in these waters. 

Uranium is the trace element with the highest concentrations in mine effluents throughout the 
Grants Mineral Belt. The median concentrationsof total uranium in Ambrosia Lake and Church 
Rock effluents of T.6 and 1.1 mg/l, respectively, are over 16 and 37 times greater than the 
median concentrations of natural runoff in the districts. 

Molybdenum levels in mineyvaters vary from extremely low levels to more than 3 mg/l. 
Discharges in the Ambrosia Lake district have median total molybdenum concentrations of 0.80 
mg/l. In comparison, only a small fraction o f the natural runoff samples collected during this 
study contained detectable concentrations ( > 0.01 mg/l) of total molybdenum. Lower 
concentrations are found in the Church Rock district, where the median total molybdenum 
concentration in effluents is 0.01 mg/l. 

The third element that is consistently higher in mine dewatering effluents than in natural 
runoff is selenium. Treated effluent normally contains less than 0.04 to 0.09 mg/l selenium, but 
a few Ambrosia Lake minesdischarge effluent with selenium concentrations approaching 1.0 
mg/l. In contrast, data indicate median total selenium levels in natural runoff of 0.03 mg/l in 
Ambrosia Lbke district and <0.005 mg/l in the Church Rock district. 

Two other metals that occasionally appear in dewatering effluents are arsenic and vanadium 
Elevated levels of arsenic and vanadium appear to be restricted to one facility in the region. The 
discharge from the Homestake ion exchange facility in Ambrosia Lake contains average total 
arsenic and vanadium conceinrations of 0.05 and 0.17 mg/l, respectively. 



tABLE 7.4 Percentage of Total Constituent Concentrations in the Dissolved Phase of 
Treated Minewaters, Ambrosia Lake and Church Rock Mining Districts, 1980. 

9 
CONSTITUENT 

As 

Ba 

Mo 

Se 

U-natural 

V 

• . 

'} Gross alpha 

Gross beta 

Ra-226 

NO. OF 

SAMPLES 

3 

5 

6 

5 

5 

5 
/ 

6 

5 

6 

PERCENT IN 
DISSOLVED PHASE 

RANGE 

12-90 

<35 -100 

88-100 

83-100 

68-100 

20-100 

82-100 

72-100 

2-71 

MEAN 

57 

<71 

95 

93 

89 

61 

94 

93 

32 
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Ambrosia 
Lake 

District 

Church 
Rock 

District 

TOTAL SELENIUM 

3-
Treated Minewater 

o---- Natural Runoff 

0 0.2 0 4 

W-i-O 

0.6 mg/ l 

(27) 

(6) 

(15) 

(13) 

Ambrosia 
Lake 

District 

Church 
Rock 

District 

TOTAL MOLYBDENUM 

-Eiiriis. 

1.0 2.0 3.0 mg/l 

(27) 

(6) 

(27) 

(13) 

Ambrosid 
Lake 

District 

Church 
Rock 

District 

TOTAL URANIUM 

0 

. . f H i l ^ 

1.0 2,0 3.0 mg/l 

(27) 

(6) 

(14) 

(13) 

FIGURE 7.3 Comparison of selected tota l trace element concentrations in 
t reated minewaters and natural runof f 

-89-



A t r i u m is of potential interest because it is added as barium chloride to co-precipitate radium-
^ ? 6 f r o m minewaters before their discharge to watercourses. Median total barium 
concentrations in natural runoff in Ambrosia Lake and Church Rock districts are 7.7 and 4.8 
mg/l, respectively. These are many times greater than theconcentrationsof 0.212 and 0.413 in 
treated minewaters from these districts. 

Radionuclides 

With the exception discussed above of natural uranium, median total concentrations of 
radionuclides in treated minewatersare less than those measured for natural runoff (Figure 
7.4). Compared to natural runoff, however, minewaters have a higher, usually considerably 
higher, percentage of total radionuclide concentrations associated with the dissolved phase. 
EID data indicate that as much as 99 percent of the gross alpha and gross beta particle activitits 
of natural runoff are associated with precipitates and suspended sediment. In contrast, over 90 
percent of this radioactivity in treated minewaters is normally associated wi th the dissolved 
fraction (see Table 7.4). Total suspended sediments in dewatering effluents are quite low 
Caveraging about 5 mg/l). 

The total gross alpha particle activity of dewatering effluents is comparable to natural runoff 
lievels. Dissolved gross alpha levels of several hundred to over 1,000 pCi/l in dewatering 
effluents, on the other hand, are ten to one hundred times greater than dissolved gross alpha 
lievels in natural runoff (normally less than 20 pCi/1). On average, dissolved uranium accounts for 
more than 80 percent of the observed total gross alpha activity. Other alpha-emitters in the 
u.ranium-238 decay series (chiefly, thorium-230, radium-226, and polonium-210) are present in 

A | a l l concentrations in the effluents relative to uranium (see Table 7.3). 

I Median totai gross alpha and beta concentrations are roughly equivalent in Ambrosia Lake 
and Church Rock mine effluents. Maximum concentrations of these constituents in 
Ambrosia Lake discharges, though, are about 40 percent greater than in the Church Rock 
discharges. The differences are most likely due to more effective ion-exchange treatment of 
the minewaters in the Church Rock district. 

Despite high concentrations of radium-226 in raw minewaters, most mines discharge minewaters 
with 6 pCi/l or less of total r.adium-226 (Figure 7.4). While an average, or about 30 percent of the 
radium in these effluents may be in the dissolved form, riatural runoff often exceeds 15 pCi/l in 
total radium-226, but is quite low in dissolved radium-226, usually less than 2 pCi/l. Three 
facilities, evidently sampled during "upset" conditions, discharged effluent containing 75, 89, 
and 200 pCi/l total radium-226, concentrations similar to concentrations in untreated minewater. 
Large influxes of dissolved radium-226 may be introduced to receiving watercourses from any 
mine with ineffective radium-removal processes. 

None of the thorium isotopes or radium-228 are normally present in detectable levels in 
minewaters. Treated minewaters have exhibited up to 33 pCi/l of total lead-210 and up to 15 
pCi/l of total polonium-210. Greater concentrations (several hundred pCi/l) may ocur during 
periods of ineffective minewater treatment. Although the data are limited, there does not 

.appear to be significant differences between the Am'brosia Lake concentrations and those 
, (presented for the Church Rock district. Natural runoff, in comparison, typically contains between 

40 to 90 pCi/l each of total lead-210 and polonium-210. 

• a .2. Fates of Minewater Constituents in Surface Drainage Channels 

Ofthe trace elements and radionuclides identified earlier as being elevated above levels in 
natural runoff, only radium-226 and lead-210 are known to uiidergo significant partitioning 
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FIGURE 7.4 Comparison of total radioactivity in mine dewatering effluents and 
natural runoff 
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changes between dissolved and suspended phases as they travel downstream. These 
I fcd ionucl ides are usually lost from solution shortly after their release to regional arroyos. 
^Mvest igat ion of both dissolved and suspended phases revealed that precipitates and sediments 
' suspended in the water account for virtually all these constituents. As shown in Table 7.5, a 
significant proportion of radium-226 is discharged to the Puerco River in dissolved form, but by 
the time radium-226 has travelled a few miles almost none remain in solution. 

Once precipitated or bound to the stream sediments, minewater contaminants are subject to 
being moved downstream during normal artificially-maintained flows or, more significantly, 
during natural runoff events. During major streamflows, minewater-affected sediments are 
scoured from the stream bottoms, mixed wi th other sediments carried by the streamflows, and 
redeposited variable distances downstream. In drainages with sediment-rich streamflows, 
minewater-affected sediments generally become indistinguishable from other sediments carried 
along the watercourse and deposited on the stream bottom due to the large dilution factors 
involved and to the elevated levels of natural radioactivity in regional soils. Popp and others 
(1983) confirmed this along various drainages within the Rio Puerco watershed. 

; While dissolved radium-226 and lead-210 usually precipitate or are adsorbed by stream 
sediments, these radionuclides appear to stay in solution in stream channels that are relatively 
sediment free. Dissolved radium-226 concentrations along the Arroyo del Puerto, for example, 

'consistently range between 3 and 6 pCi/l. 

Unlike radium-226 and lead-210, the trace elements uranium, molybdenum, and selenium, ao-d , 
the major dissolved solids generally are not rapidly attenuated in the channels of receiving<^ 
waters. These constituents generally remain in solution and move downstream with the ^ 

| fc inewater . Figure 7.5 shows downstream changes in water quality along the Puerco River on 
^iwctober 6, 1976 as an example (U.S. Geological Survey. 1977). The data show that constituents 
, not precipitating or interacting rapidly with sediment decline gradually in concentration 
downstream, but still may be found in significant levels 50 miles from the mines. The declines in 
selenium and gross alpha concentrations are most likely related to decreasing pH levels 
downstream. While the initial dissolved radium-226 concentration is significantly elevated in 
contrast with the radium-226 levels measured during this study, concentrations nevertheless 
decline rapidly downstream. Similar responses have been found by the U.S. Geological Survey 
and the EID at more typical concentrations. 

Table 7.5 Comparison of dissolved versus suspended concentrations of radium-226 
at sites along the Puerco River. Data represent average concentrations. Number of 
samples in parentheses. 

Site 

Church Rock Mines 

Puerco R. at NM 566 

Puerco R. at Gallup 

Dissolved 
Ra-226 
(pCi/l) 

3.2**(13) 

0.22(14) 

0.11 (12) 

Total 
Ra-225 
(pCi/l) 

9.98(1.3) 

8.06(13) 

7.93(12) 

Suspended* 
Ra-225 

(pCi/l) 

6.78 

7.84 

7.82 

River Miles 
From 
Mines 

5.1 

18.5 

9 *Determined by subtraction, 
**Estimate based on data in Table 7.4, 
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FIGURE 7.5 Water quality and flow along the Puerco River from the Church 
Rock mines to the New Mexico-Arizona border, October 6, 1976 
(source: U.S. Geological Survey). 
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VIII. MINEWATER IMPACTS ON THE QUALITY OF SHALLOW GROUND WATERS 

Release of dewatering effluents to Grants Mineral Belt arroyos greatly increased the 
volume of water infiltrating to shallow alluvial aquifers. This infi ltration has been 
accompanied by a gradual change in the overall chemistry of these ground waters. In 
certain locations along San Mateo Creek and the Puerco River, the alluvial ground waters 
now bear a stronger chemical resemblance to minewaters than to natural waters. This 
condition is most pronounced in areas where stream-bottom leakage is high. Evaluation 
of this apparent change is somewhat hampered, however, by the lack of pre-mining 
ground water quality data. 

Many o f the impacts realized by surface waters are not experienced by underlying ground 
waters. Minewater constituents that adsorb to sediments or form insoluble precipitates 
do not usually reach ground waters. Chief among such constituents is radium-226. As 
shown previously, radium-226 quickly leaves solution in most Grants Mineral Belt streams, 
either by adsorbing to sediments or by forming insoluble precipitates, and thus is not 
found in significant concentration in alluvial ground water. On the other hand, chemical 
constituents that do not readily interact with earth materials or form insoluble 
precipitates, such as uranium, selenium or molybdenum, may be found in ground waters 
in concentrations approaching those in undiluted minewater and suggest ground water 
degradation from mine dewatering effluents. 

Within the drainages studied effluent-dominated surface flows more closely approximate 
the infiltration capacity o f the stream channel bottoms than those associated with natural 
runoff. The factor that most controls recharge volumes at any given location withinthese 
drainages, therefore, is duration of surface flow rather than f low rate or volume. Because 
of their perennial nature, effluents potentially may affect ground-water quality to a 
greater extent than would be projected from a comparison of volume of effluent-to-
volume of natural runoff. 

Variation of effluent seepage wil l cause fluctuations in ground water quality in the 
alluvium. For example, during spring runoff more dilution (mixing) of effluent with 
surface water takes place. This commingled water then may gradually with ground water 
in the alluvium. Under this condition, ground water quality is probably only locally 
affected. Conversely, under low-flow conditions and with the same amount of effluent 
discharged, ground water contamination may become more significant. Factors 
contributing to degradation of ground water quality include effluent quality and 
quantity, the amount of mixing oi surface and ground water, permeability of the aquifer, 
surface and ground water quality, dispersion, advection, and the biological and 
geochemical processes taking place in the subsurface. 

8.1 ESTIMATION OF NATURAL GROUND-WATER QUALITY 

While the available data are limited, natural, alluvial ground-water quality can be 
generally described for some constituents. Pre-mining analyses in the Ambrosia Lake and 
Church Rock mining districts are limited in quantity and scope. Due to the rural nature of 
San Mateo Creek and the North Fork of the Puerco River, minimal testing of wells was 
performed before 1974. Most o f the pre-mining data are limited to one-time samplings of 
a few isolated windmills for general chemical characteristics, e.g., sulfate and total 
dissolved solids, and there are no pre-mining trace element or radionuclide data available 
for either drainage. The following analysis of natural ground water quality in these 
drainages uses pre-mining data from stock wells 16-K-336 and 15-K-340 located along the 
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San Mateo Creek (Figure/8.2). There are no pre-mining data available for alluvial waters 
along the Arroyo del Puerto. 

The most useful information for describing natural alluvial ground-water quality comes 
from wells drilled for and sampled during this assessment. In particular, data obtained 
from wells located upstream of uranium industry activities reflect the equivalent of pre
mining conditions at those locations. These wells include the BLM wells along the Puerco 
River (Figure 8.1) and the Lee wells along the San Mateo Creek in the Ambrosia Lake 
district in the Church Rock district (Figure 8.2) 

8.1.1. General Chemistry 

Superimposed on any local variabilities in alluvial ground water quality along the North 
Fork of the Puerco River are regional-scale quality changes. The available records suggest 
that natural alluvial ground water trends from a calcium sulfate water at the BLM cluster 
near Pinedale Bridge to a sodium sulfate water at well 16-K-340, and subsequently to a 
sodium bicarbonate water near Church Rock at well 16-K-336. The ioniccomposition are 
presented in Figure 8.3. The calcium-rich water is reflective of gypsum (CaS04) and lime 
(CaOH) abundant in the soils near Pinedale. The proportion of sodium increases 
downstream after soils derived from rocks of Jurassic age are encountered (see Figure 2.5). 
All of these regional changes appear to be gradual trends in response to changes in the 
parent rocks. 

Along the North Fork of the Puerco River, water quality is highly variable with respect to 
total dissolved solids (TDS) concentrations. TDS concentrations range from less than 200 to 
over 1500 mg/l and generally increase with increasing distance from the river channel. The 
relative proportions of principal cations and anions, however, do no i appear to change 
appreciably with increasing distance from the channel. 

Natural alluvial ground waters along the San Mateo Creek trend from a sodium 
bicarbonate water at the Lee wells to a sodium-sulfate-bicarbonate water at the Sandoval 
Ranch (Figure 8.4). The bicarbonate is reflective of limestone rocks near the village of San 
Mateo, 

Natural TDS concentrations in San Mateo Creek ground waters range from 500 to 
^ 1,000 mg/l (Brod and Stone, 1981). Along the six-mile distance from the Lee wells near San 
' ^ Mateo downstream to the Sandoval Ranch windmil l , TDS concentrations do not 

significantly change; the increase is from 540 to 650 mg/l. 

There are no data to describe natural TDS concentrations downstream for the Sandoval 
Ranch, but concentrations are not expected to increase dramatically in the three-mile 
distance to the Otero well cluster location (see Figure 8,2). While San Mateo Creek alluvial 
waters downstream of the Sandoval Ranch could be affected by the inflow of Arroyo del 
Puerto alluvial ground waters, available data suggest that there was minimial alluvial 
water along the Arroyo del Puerto under pre-mining conditions (Kerr-McGee Nuclear 
Corp., 1981). 

8.1.2. Molybdenum 

Under natural conditions concentrations of molybdenum in alluvial ground waters along 
the North Fork of the Puerco River and San Mateo Creek are expected to be low. 
Molybdenum concentrations in ground waters produced from all BLM and Lee wells are 
very low, consistently less than detection limit of 0.010 mg/l. While there are no other 
ground y ĵa'.er data available for estimating natural molybdenum concentrations, analyses 
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FIGURE 8.2 Well locations in the Ambrosia Lake mining district 



m pf unfiltered natural runoff indicate the virtual absence of molybdenum in sediments and 
atural waters in these drainages (see Table 4.3). 

8.1.3. Uranium-natural 

Statistical analyses have been performed on data from the North Fork o f the Puerco River 
in attempt to estimate naturally occurring uranium concentrations in alluvial ground 
waters within that drainage (see Sinclair Probability Plots, section 3.4.1). These analyses 
allow differientation of natural ground waters from those influenced by uranium industry 
wastewaters (i.e.. minewaters and the United Nuclear Corporation uranium mill tailings 
spill). Detailsof these analyses are given fully elsewhere (Gallaher and Cary, 1986) and are 
only summarized here. 

Resultsof the analyses suggest that natural uranium concentrations for the North Fork of 
the Puerco River average approximately 0.02 mg/l and rarely exceed 0.06 mg/l. The 
estimated average natural concentration is identical to that suggested by U.S. EPA (1975). 
Average uranium concentrations at the BLM cluster range from 0.014 to 0.048 mg/l. 

Natural uranium concentrations in alluvial waters along San Mateo Creek potentially may 
be higherthan along the Puerco River. The abundant natural uranium ore outcrops in the 
San Mateo Creek drainage (for example, at Marcus and Poison Canyon mines; see Figure 
8.2) probably contribute sediments enriched in uranium to the alluvium and these, in turn, 
contribute uranium to ground waters f lowing in the alluvium. That natural runoff in the 
Ambrosia Lake mining district typically contains total uranium concentrations about three 

j ^ i m e s higherthan in tne Church Rock mining district is indirect evidence forthis 
fPfnechanism (see Table 4.3). 

While uranium concentrations at the Lee wells are consistently belowthe limit of 
detection (0,010 mg/l), the Lee wells are completed in alluvium largely derived from non-
ore bearing rock material. As ground yvater flows downvalley from the Lee well cluster, 
natural uranium concentrations are anticipated to increase gradually as ground water 
flows through a more uranium-enriched alluvium. Pre-mining uranium concentrations at 

[ the Sandoval Ranch are estimated to have been less than 0.030 mg/l, based on 
interpretation of gross alpha activity concentrations obtained from a 1975 sampling of an 

. alluvial windmill at the ranch (U.S. EPA. 1975). Natural uranium concentrations may 
increase further downstream. U.S. EPA (1975) estimated that background concentrations 
may approach 0.1 mg/l within the Ambrosia. Lake mining district. 

8.1.4. Selenium 

Under natural conditions selenium concentrations in alluvial ground water along the 
North Fork o f the Puerco River are expected to be uniformily low, that is, less than 0.01 
mg/l. Average concentrations in the two BLM wells are <0.005 and <0.007 mg/i. Further, 
analyses of unfiltered natural runoff indicates the virtual absence of selenium in sediments 
and natural waters in this drainage (see Table 4.3). 

In contrast, along San Mateo Creek, natui-al selenium levels may be significantly elevated. 
Selenium is known to be locally enriched in soils and plants in tine Poison Canyon area 
(Cannon, 1953; Rapaport, 1963). It is noteworthy that median total selenium 

(concentrations in natural runoff are over six times greater in the Ambrosia Lake mining 
aistrictthan in the Church Rock mining district (see Table 4.3). 

I 

^ Selenium concentrations in the Lee wells are generally undetectable (<0.005 mg.'l). .A 
1980 ElD analysis of the downstream Sandoval Ranch windmill showed se'enium 
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concentrationsof 0.018 mg/l (EIDfiles). Although minewaters have been discharged to 
the San Mateo Creek above this well since 1976. the depth o f the well (130 feet) 
moderates the impacts of the mine discharges and. asa worst case, the 1980 selenium 
concentration represents an upper limit estimate of the pre-mining concentration. 
Natural selenium concentrations in ground water may increase downstream from the 
Sandoval Ranch because o f the probable contribution of selenium-enriched Poison Canyon 
sedimentstotheSan Mateo Creek alluvium. 

8.2 IDENTIFICATION OF IMPACTS ATTRIBUTABLE TO MINE DEWATERING EFFLUENTS 

Due to the lack of pre-mining data, comprehensive descriptions o f the impacts of mine 
dewatering can not be made for all locations. At many locations, however, minewater 
impacts can be indirectly estimated after joint consideration of several pieces of 
hydrogeochemical evidence. The principal indicators that suggest if ground water has 
been impacted at a given location include the fo l lowing: 

1. Molybdenum concentrations in alluvial ground water greater than 0.03 mg/l. 
Mine dewatering effluents are the principal sourcesof dissolved molybdenum 
in the Puerco River and San Mateo Creek channels. Runoff from uranium mine 
waste piles may contain detectable levels of diissolved molybdenum, but due to 
the infrequency of runoff events and dominantly sediment-bound nature of 
the waste pile contaminants, significant impacts to ground water, if any, should 
be restricted to the immediate vicinity o f the waste pile. The presence of 
molybdenum in concentrations greater than 0.03 mg/l in alluvial wells along 
these channels is indicative of the presence of mine dewatering effluents. The 
absence of molybdenum in these wells, on the other hand, does pot mean that 
minewater impacts are not evident because not all effluents contain elevated 
levelsof molybdenum (see Table 7.3). . 

2. Uranium concentrations greater than 0.06 mg/l in alluvial ground water along 
the North Fork of the Puerco^River, and greater than 0.03 mg/l upstream and 0.1 
mg/l downstream of the confluence of San Mateo Creek with Arroyo del 
Puerto. The values constitute the estimated upper limit concentrations found 
in these ground waters under natural conditions. 

3. Selenium concentrations greater than 0.01 mg/l along the North Fork of the 
Puerco River, and greater than 0.15 mg/l along the San Mateo Creek upstream 
of its confluence with Arroyo del Puerto. Natural selenium concentrations 
along these river reaches are expected to be relatively low. Natural conditions 
below the San Mateo Creek-Arroyo del Puerto confluence cannot be projected 
because o f the uncertainty regarding the added influence of selenium-enriched 
Poison Canyon sediment on ground water quality. 

4. Major changes in total dissolved solids concentrations and in general ground 
water chemistry composition within a distance less than 3 miles. Natural 
changes in TDS concentrations and in composition are expected to be gradual; 
rapid changes in both are indicative of minewater effects. 

5. Significant decline in molybdenum, uranium, or selenium concentrations with 
increasing depth in the upper portion of an alluvial aguifer. Contaminants 
contributed to the aguifer through stream bottom recharge (as is the case wi th 
minewaters) are expected to be more concentrated in the upper portion o f the 
aquifer than contaminants naturally occurring in the ground water. 



• 

8.3 CHANGES IN IONIC CHEMISTRY 

^ 

Alluvial ground waters that are recharged primarily by dewatering effluents have been 
found to assume the ionic composition of the minewaters. Such water-quality changes are 
seen in areas of ground-water recharge along the Puerco River and San Mateo Creek. 
Pronounced changes in ionic composition of alluvial ground waters, for example, are seen 
at the Confluence test well cluster along the Puerco River. This well cluster is located 
about one mile below the confluence of Pipeline Arroyo, the channel receiving most of 
the Church Rock mine discharges, and the Puerco River. It is therefore immediately 
downgradient from the point where native ground waters are potentially affected by 
minewaters (see Figure 8.1). 

Figure 8.5 shows that ground waters produced from wells CON-IL and CON-3 have ionic 
compositions similar to dewatering eirfluentand unlike natural waters, as represented by 
the BLM well cluster. Wells CON-IU and CON-2, on the other hand, produce waters more 
similar to natural waters. Ground water in well CON-3, which chemically most resembles 
the minewaters, also has a total dissolved solids concentration similar to minewaters (500 
mg/l versus greater than 1000 mg/l a t the BLM cluster). It is apparent that some water in 
the alluvial aquifer at that well cluster has been transformed from the strongly calcium-
magnesium sulfate type to an intermediate type that tends toward sodium bicarbonate. 
Other test wells along the Puerco River that produce ground waters with ionic signatures 
similarto thatforCON-3 are SPR-1,SPR-3U, GAL-1, GAL-2, and GAL-4. Because o f the lack 
of pre-dewatering ground water quality data, it can not be definitely stated that all of 
these wells have been affected by the dewatering effluents. 

^"he water quality of shallow ground waters in the San Mateo Creek-Arroyo del Puerto 
"drainage has also been transformed by dewatering effluents. This change in major 

, chemistry is most evident near the confluenceof San Mateo Creek and Arroyo del Puerto 
(see Figure 8.2). One mileupstream along San Mateo Creek, alluvial ground waters at the 
Sandoval monitoring well cluster are of the sodium-sulfate-bicarbonate water chemistry 
type with a total dissolved solids concentration of about 650 mg/l (Figure 8.6). Although 
minewater from Ranchers Johnny M. Mine enters San Mateo Creek about 3 miles above 
the well cluster, no significant changes in ionic composition are evident in the test wells 
because of the close chemical similarity between minewaters and natural ground water at 
the site (see Sandoval Ranch windmill analysis. Figure 8.4). 

In contrast, downstream from the confluence EID test wells on the San Mateo Creek 
produce alluvial ground water that bears a strong ionic resemblance to Ambrosia Lake 
minewaters. Figure 8.6 shows that ground waters at OTE-2, OTE-4, and RDY-1 now are all 
o f the calcium-magnesium sulfate type, as are the minewaters introduced via Arroyo del 
Puerto. Corresponding to the shift in San Mateo Creek's alluvial ground water chemistry, 
total dissolved solids concentrations increased from about 550 mg/l at the Sandoval well 
cluster to over 2100 mg/l at the Otero well cluster, located three miles downstream. 

8.4 TRACE ELEMENTS AND RADIONUCLIDES IN GROUND WATER 

In addition to altering the dominant water chemistry and total dissolved solids 
concentrations of ground waters, infiltration of minewaters has elevated the 

Koncentrations of trace elements and gross radioactivity. Specifically, in test wells 
etermined to have been affected by minewaters, the concentrations of uranium, 

, molybdenum, selenium, and gross alpha particle activity are elevated above natural levels 
by 10 to 40 times. Evidence suggests that infiltration of mine effluents has caused sif^Har 
responses elsewhere m the region beneath zones of significant stream bottom leakage 
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Degradation of ground water quality is most prQaounced-in-the-Ambr-osia,Lak_e min ing 
district. This is to be expected for the fol lowing reasonsi,1)._appr_oxima.tel.y.,lyyo-thirds of 
the historical minewater production from New Mexico uranium mining areas has been in 

"tlTiTcilstTict"(see"Rgure 6.1)7?) the quality of the discharged water overall is poorer than 
that in the Church Rock mining district (see Table 7jJ2_and 3) 'hydrogeologic conditions 

/ ^ o n g AmbrosiTCaice^rainages result in~felafively rapidlriTTIti^tion o f the wastewaters. 

Table 8.1 shows mean contaminant concentrations detected in EID test wells along San 
.-....-Ma.te.o_Cr.ee.k.-the principal drainage o f the Aiinbrosia Lake miriTrrg district. UraniTJm. 

molybdenum, and se[enium concentrations at the Lee wells are below detectabririevels of 
0.005 to 0.01 mg/l. Uranium and molybdenum levels aTthe Sandoval vvell cluster are 10 to 
20 times detectable limits due to irrfntratiori jTBewatenng effluents. Other trace 

W elements did not exhibit concentrations elevatedTbovellTgrrfDTmiJ'mntrei::eie-wells. 

Down valley below the confluence with the Arroyo del Puerto, uranium, molybdenum, 
and sejemum concentrations are found"tol3e approximately three times greater than at 
t he^an^vaJ welTcluster. Uranium and molybdenum concentrations in the Dtero wells 
are as much 7 times greater than natural levels projected forthis portion of the San Mateo 
Creek (see sectiorTB.I) aindTh^refore i'TTdlcate that ground water at tfiat location has been 
substantiallv"degrag¥d"6vlTiinewaters. Moreover. &ot}Tljr^arrrijm and molybdenum , 
significantly decline in concentration wi th increasing depth. (For example, molybdenum 
concentrations decline from 038"ahdirJ8"mg71 in the sFranower welTTUT'E^I'aTTd OTH~2T54' 
and 57 feet total depth. respectiveTy) to < 0.01 mg/l in well OTE-4. a deeper well (72 feet 
total depth) in the same cluster.) Selenium is elevated in all the Otero wells, but is known 
to be naturally enriched in the area and can not be exclusively attributed to mine .̂  
dewatering effluents. Generally, the pattern of trace element concentrations in the Qtero 
wells coincides with that of theSandoval wells (uranium > molybdenum'r>:selenium).. 

As with uranium, gross alpha particle activity concentrations are also sighifi5antly elevated 
along the San Mateo Creek below the Lee wells. These concentrations alrnost exclusively 
reflect the alpha radiation of ur in ium. Gross beta particle activities along the San mateo 
Creek are found in concentrations as much as 100 times those detected a t the Lee wells. It 
is unknown which radionuclide(s) contribute principally to the gross beta concentrations, 

Radium-226 concentrations may also increase due to minewater impacts, but the increases 
can not be verified due to the lack of pre-mining data. Table 8.1 shows radium-226 
concentrationsof about 0.05 pCi/l fo r the Lee wells. All but one of the other test wells 
along San Mateo Creek produce water containing more than 0.10 pCi/l of radium-226, on 
the average. Student-t and Mann-Whitney statistical tests show that the mean values for 
radium-226 inall the minewater-affected wells are significantly greater (95% confidence) 
than levels at the Lee wells. Despite the suggestion that minewaters have elevated 
radium-226 levels in alluvial ground waters, this increase is small and of little practical 
significance. A measureable amount of radium-226 may reach ground water, but most of 
the dissolved radium-226 in surface waters (up to 4 pCi/l) cle iriy does not. 

Due to lack of pre-mining data, definitive statements can not be made regarding the 
influence of mine dewatering effluents at the Roundy well location, the most downstream 
well on the San Mateo Creek drainage The average uranium concentration of 0.13 mg/l is 
slightly above the EPA-estimated maximum natural level of 0.1 mg/l. In contrast, howeve.^ 
molybdenum is below analytically detectable levels. Selenium levels are greatly elevated, 
but because ground water quality is potentially influenced by Poison Canyon, where 
sediments are enriched in selenium, these levels can not be exclusively attributed to 
minewaters. 

m c 
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TABLE 8.1. Mean Trace Element and Radionuclide Concentrations in Wells in the San Mateo Creek Drainage. 1977-1982. Number of 
samples for each well is shown in parentheses and standard deviations are specified for all nneans. Well locations are 
indicated on Figure 8.2. 

WELLS ABOVE URANIUM 
MINE DISCHARGES 

LEE-1 
(13) 

LEE-2 
(14) 

SAN-1 
(13) 

WELLS BELOW URANIUM MINE DISCHARGES 

SAN-2 
(12) 

OTE-1 
(14) 

OTE-2 
(15) 

OTE-4 
(12) 

RDY-1 
(12) 

ug/l 

As 

Ba 

Cd 

Pb 

Mo 

Se 

U 

V 

Zn 

ND 

133 + 38 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

6.811.7 

113118 

ND 

ND 

9.613.3 

ND 

ND 

1212.7 

ND 

ND 

112128 

ND 

ND 

133160 

18.517.2 

222141 

ND 

ND 

ND 

108122 

ND 

ND 

131155 

18.017.7 

251179 

ND 

ND 

ND 

112133 

ND 

ND 

3811115 

80125 

754169 

ND 

ND 

6.813.4 

132150 

ND 

ND 

2571145 

72125 

668 1144 

ND 

ND 

ND 

124140 

ND 

ND 

ND 

102130 

166123 

ND 

ND 

5.912.4 

139138 

ND 

ND 

ND 

2731128 

129111 

ND 

ND 

pCi/l 

Ra-226** 0.05 ±.02 
(pCi/l) 

gross 
alpha 

gross 
beta 

412 

312 

0.041.02 

6.611 05 

4 1 2 

*ND = i iui analytically detectec 
**Radium-226 values reflect san 
Fhorline Inslnimoni Corp. were 

0.151.03 

184138 

89137 

0.091.03 

209169 

96 1 39 

0.111.03 

496149 

300193 

aples analyzed by the New Mexico Scientific 
not used in calculation of the mppin 

0.151.06 

463 149 

291 192 

0.13 1.02 

123119 

72133 

Laboratory Division (SLD); 

0.151.03 

92 113 

63119 

for uniformity data by 



The UNC uranium mill tailings spill in July 1979 greatly complicated the task of evaluating 
minewater impacts on alluvial ground waters in the Puerco River valley. The spill 
contained large concentrations of many radionuclides and trace elements, including the 
alpha emitters thorium-230 and uranium and the trace elements molybdenum, vanadium, 
and selenium. Thus, in all data collected since July 1979 there are always two potential 
sources for contaminants: the spill and minewaters. There are some pre-spill data for the 
Gallup cluster, but no pre-spill data exist for the Entrada. Windmil l . Springstead, or 
Confluence well clusters. 

Despite this major obstacle, the sourcesof elevated uranium in Puerco River valley ground 
waters are indicated through the use of the same probability techniques used to estimate 
natural uranium levels. These analyses allow differentiation of ground waters influenced 
by the spill from those influenced by minewaters. Whereas those ground waters that are 
high in both uranium and sulfate have been affected by the UNC spill, which was enriched 
in sulfuric acid, those wells that produce high uranium, but low sulfate, have been 
affected by minewaters, but not the spill. Only these resultsof these analyses (Gallaher 
and Cary, 1986) related to wells affected by minewaters are summarized here. 

Mine dewatering effluents have degraded Puerco River alluvium with trace elements and 
radionuclides, although not to the same degree as along San Mateo Creek. Results of the 
aforementioned probability analysis suggest that fewer than one-third (6 of 21) o f the EID 
wells along the Puerco River have been significantly impacted by uranium industry 
activities (minewaters and spill waters). Relatively low infiltration rates along this reach of 
the river effectively moderate the impacts to the underlying ground water. 

Two test wells, SPR-1 and CON-3. were found to contain elevated levels of uranium 
attributable principally to minewaters. Table 8.2 summarizes the trace element and 
radionuclide concentrations found in these two wells and in BLM wells representative of 
natural alluvial quality. The data indicate a pattern of minewater effects similar to that 
documented along San Mateo Creek. Uranium and gross alpha particle activity are clearly 
elevated above natural levels in the two downstream wells. Molybdenum also shows 
increases above background although for SPR-1 the increase is negligible JS it is the 
detectable limit. A small increase in selenium concentrations is suggested m CON-3 
samples. 

While minewater impacts along a given river reach may be relatively l imited, they may be 
more significant further downstream if stream bottom leakage rates increase because of 
changing hydrogeologic conditions. The resultant ground water quality impacts would be 
highly site specific, depending on many factors including the infiltration rate, quality of 
the minewaters, and natural quality of ground water. 

In reviewing the data for trace elements and radionuclides, it is clear that dewatering 
effluents are having similar effects throughout the Grants Mineral Belt. Uranium and 
gross particle alpha activity concentrations are often elevated in alluvial ground waters 
downstream from minewater discharges. Molybdenum usually appears elevated although 
there are exceptions. Selenium also reaches shallovV ground water from minewater 
sources. Selenium, however, can also be locally elevated under natural conditions in 
Ambrosia Lake. Unless confirmed by evidence of low pre-mining concentrations, the 
presence of elevated selenium is not alone sufficient to demonstrate contamination by 
mine dewatering effluents. 
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iMBLt Q.c. mean irace tiements and Kaaionuciides concentrations of Selected Wells in 
the Puerco River Valley. Number of samples per well is shown in 
parentheses. 

w CONSTITUENT 

(ug/l) 

WELLS ABOVE URANIUM 
MINE DISCHARGES 

BLM IU BLM-2 
(2) (2) 

WELLS AFFECTED BY URANIUM 
MINE DISCHARGES 

SPR-1 CON-3 
(1) (2) 

ug/l 

9 
ND 
ND 
ND 
10 
5 
145 
ND 
ND 

6 
180 
NO 
ND 
170 
11 
433 
ND 
ND 

9 ^w 
gross alpha 

gross beta 

Ra-226 

10+3 

2.6 + 2.9 

0.13+0.06 

pCi/1 

28+10 

16+4 

0.32+0.10 

- 56+15 

NA** 

NA 

278+10 

118+22 

0.37+0.12 

*ND = Not analytically detected 
**NA = Data not available; analysis not requested 
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8.5 GEOCHEMICAL ATTENUATION OF MINEWATER CONSTITUENTS 

Ground water quality data collected from EID wells in the Grants Mineral Belt show 
uranium, radium-226, selenium, and molybdenum concentrations and gross alpha particle 
activity that are above natural levels, but not as high as in the discharged minewaters. For 
most of these contaminants, however, ground water concentrations are of the same order 
of magnitude as in the sources. 

Mechanisms which may reduce the contaminant concentrations include dilution surface 
adsorption, cation exchange, precipitation, hydrodynamic dispersion, and molecular 
diffusion. Dispersion and di lut ion may eventually reduce contaminant concentrations, but 
these processes are slow and may take years or even decades to be effective. Dilution, 
adsorption, cation exchange and precipitation are more likely mechanisms. 

Decreases of uranium, for example, from more than 1.0 mg/l in minewaters to 0.5 mg/l in 
alluvial aquifers can probably be attributed to di lution by native ground waters. Uranium, 
molybdenum, and selenium all form anions in the geochemical environment o f the Grants 
Mineral Belt and are therefore not greatly affected by some of the most effective 
attenuation processes, such as surface adsorption and cation exchange. These 
contaminants are therefore relatively mobile in both surface waters and shallow ground 
waters. 

The tendency for uranium to precipitate from solution in Puerco River alluvium was 
analyzed using a computer program (WATEQFC) for calculating chemical equilibria of 
natural waters. Emphasis was placed on assessing the chemical stability of ground waters 
in EID wells most impacted by minewaters. Calculations were performed separately on 
natural uncontaminated ground water (BLM-1U) and on ground water dominated by 
mine dewatering effluents (CON-3). The predominant phase of uranium is calculated by 
the computer program WATEQFC to be di- oxide species. These complexes are subject to 
minimal adsorption because of their net negative charge and large molecular radii 
Tripathi, 1982; Langmuir. 1978) and are therefore very mobile in alkaline aqueous 
environments. Selected resultsof the geochemical modeling fo r the predominant 
uranium minerals are reported in Table 8.3. 

The modeling output that all of the uranium species constituents are undersaturated with 
respect to their mineral phases by at least one hundred times. It can be inferred that 
uranium concentrations in the alluvial aquifer cannot be expected to decline solely as a 
result of long term equilibrium adjustment. 

For dissolved radium-226. in contrast to uranium, the alkaline, oxidizing conditions found 
in the Grants Mineral Belt promote attenuation and discourage mobility. Because of its 
net positive charge, radium-226 is drawn to cation exchange sites on negatively charged 
clay minerals, organic matter, and metallic oxide coatings on the surfaces of alluvial 
materials. For surface and ground waters in the Grants Mineral Belt, only a small fraction 
of all radium-226 present remains in solution. Most radium-226 is probably immobilized in 
the stream channels sediments. Attenuation of radium-226 is so effective in Grants 
Mineral Belt alluvium that apparently minewaters increase the typical dissolved radium- ' 
226 concentrations normally carried by regional ground waters by only about 0.1 pCi/l. 



o 
TABLE 8.3 Selected Mineral Saturation Indices for Uranium in Puerco River Alluvial 

Ground Water. 

Well No. 

BLM-1U 
CON-3 

Sample 
Date 
(M-D-Y) 

01-19-82 
01-20-82 

Mineral or Precipitate 

Phase 

Tyuyamunite 
Tyuyamunite 
Carnotite-A 
Carnotite-B 
Schoepite 
Coffinite 
Rutherfordine 

Formula 

Ca(UO2)2(V04)2 
Ca(UO2)2(V04)2 
K2(U02)2(V04)2 
K2(U02)2(V04)2 
UO2(OH)2H20 
USi04 
UO2CO3 

3H2O 
.3H2O 

Saturation 
Index 

-4.9 
-2.7 
-3.3 
-3.5 
-3.6 
-4.4 
-4,4 

Although data are lacking for other uranium-238 decay products, it seems unlikely that 
any of the major daughter products from uranium mining activities could significantly 
degrade ground-water quality within the alkaline pH ranges typical of the minewaters. 
Thorium-230, lead-210, and polonium-210 all form cations in solution and their 
attenuation is likely to be as effective as radium-226 attenuation. Overall, the threat to 
ground water is judged to be small. 
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IX. EVALUATION OF WATER QUALITY 

Earlier chapters have provided an overview of both natural water quality in the 
' Grants Mineral Belt and water quality impacted by uranium mining. In order to 

evaluate the significance of observed water quality, current and potential uses that 
are made of the water in this area need to be considered along with relevant 
aspects of surface and ground water hydrology and the physio-chemical fate of 
minewater constituents. Furthermore, because of the radioactivity associated with 
both natural and mining-impacted flows, the quality of these flows needs to be 
compared with established standards and criteria for public exposure. 

All surface waters in the Grants Mineral Belt, whether natural or mining-impacted, 
are used by livestock for watering. Only artificially maintained perennial streams, 
however, are used for irrigation or have potential use for domestic water supply. 
All three uses are made of ground waters. The contaminant and radioactivity levels 
of surface and ground waters in the Grants Mineral Belth raises concerns about the 
suitability of natural and mining-impacted surface waters and mining-impacted 
ground waters for present and potential uses. 

9.1 WATER USES 

Comparison of water quality with criteria and standards provides a means of 
evaluating whether water quality in the Grants Mineral Belt is consistent with 
current use. Livestock watering is the major use of surface waters. Watering from 
effluent-dominated streams is commonplace. Livestock even use turbid flows that 

1 ^ may include both natural runoff and runoff from mine tailings. 

I Irrigation of gardens is practiced along the Puerco River from the Highway 566 
bridge to the City of Gallup, Hoses are used to draw water up from the incised 
stream to gardens. 

Ground waters are used as domestic water supply sources. The authors know of no 
documented domestic use of surface waters in the Grants Mineral Belt. 
Nonetheless, the potential for effluent-dominated streams, as modified in chemical 
quality by physio-chemical processes, to affect the quality ground waters provides 
sufficient rationale to evaluate such streamsassourcesof domestic water supply. 
Moreover, municipalities have considered the possibility of using dewatering 
effluents to supplement existing water supply sources (Hiss, 1980). 

Selected criteria and standards for livestock watering, irrigation, and domestic 
watersupply are given in Table 9.1. The only comprehensive evaluation of water 
quality necessaryto support livestock watering remains that done by the National 
Academy of Sciences-National Academy of Engineering (NAS/NAE, 1972) for the 
EPA. The NAS/NAE recommendations are in the form of water quality criteria, that 
is, concentrations which, if not exceeded, are expected to be suitable to support a 
specific water use. NAS/NAE (1972) also recommended water quality criteria to 
support irrigation use. As part of the Molybdenum Project, the relationship 
between molybdenum levels in irrigation waters and plants was investigated (VIeck 
and Lindsay, 1977). The New Mexico Ground Water Regulations include standards 

^ ^ designed to protect ground water quality for agricultural use (NM WQCC, 1983). 
1 0 These standards are used in this report for comparison purposes only. Jhe 

regulations should be consulted for information on the applicability o f the 
standards. 
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TABLE 9.1. Selected Criteria and Standards for Livestock Wateriny. Irrigation, and Domestic Water Supply. 

CONSTITUENT 

TDS 

SO4 

As' 

Ba 

Cd 

Pb 

Mo 

Se 

U-natural 

V 

Zn 
1 

Gross Alphaa 

Combined Ra-226 
and Ra-228 

• 

WATER USE 

Livestock Watering 

NAS/NAE 

Irrigation 

NAS/NAE Molybdenum 
Project 

New Mexico 
Ground Water 
Regulations 

mg/l 

3.000 

0.2 

0.050 

0.1 

0.05 

0.1 

25 

0.10 

0.010 

5.0 

0.02 

0.10 

2.0 

0.020 

• 

1.000 

600 

0.1 

1.0 

0.1 

0.05 

1.0 

0.05 

5.0 

10.0 

Domestic Water Supply 

New Mexico 
Water Supply 
Regulations 

New Mexico 
Ground Water 
Regulations 

0.05 

1. 

0.010 

0.05 

0.01 

5. 

1.000 

600 

0.1 

1.0 

0.01 

0.05 

0.05 

5.0 

10.0 

pCi/l 

15 

5 5 30.0 

SOURCES: NAS/NAE - NAS/NAE (1972) 
Molybdenum Project - VIeck ancUindsay (1977) 
New Mexico Water Supply •" ^ ^ l o n s - NM EIB (1985) 
New Mexico Ground Waie. gmaiions - NM WQCC (1983) 

15 

5 30.0 

• 



Two sources of comparison were used to evaluate the quality of water for domestic 
use. Standards in the New Mexico Water Supply Regulations (NM EIB, 1985) are 
applicable to water emanating from watersupply systems, no t to surface and 
ground waters and are used only for comparison purposes. Similarly, the standards 
in the New Mexico Ground Water Regulations (NM WQCC, 1983) are not applicable 
to effluent-dominated streams and are used only for comparison purposes. Both 
sets of regulations should be consulted for information on their applicability. 

As both natural water quality and the quality of waters affected or produced by 
uranium mining contain radioactivity, standards and criteria in the New Mexico 
Radiation Protection Regulations (NM EID. 1980) are used as a basis of comparison. 
The Radiation Protection Regulations are not applicable to natural water quality or 
uranium mining and the standards and criteria are used only for purposes of 
comparison. The regulations should be consulted for information on applicability. 

9.2 NATURAL SURFACE WATERS 

Perennial streams in the Grants Mineral Belt are limited in number, extent, and 
f low. The other natural source of surface water is runoff associated with storms and 
snowmelt. Without mine dewatering. runoff would be the surface waters in the 
Arroyo del Puerto, San Mateo Creek below the community of San Mateo, and the 
Puerco River. Both natural perennial streams and natural runoff may be used by 
livestock for watering. 

The quality of perennial streams, which normally carry little sediment, is consistent 
with the livestock watering use. Trace elements and radioactivity concentrations, 
however, raise concerns about the suitability of natural runoff for this use. 
Furthermore, levels of radioactivity in natural runoff are sometimes excessive in 
comparison to health criteria and standards. 

9.2.1. Perennial Streams 

Dissolved concentrationsof trace elements and radionuclides are naturally low in 
perennial streams in the Grants Mineral Belt. Comparison of natural water quality 
with livestock watering criteria for six trace elements, gross alpha particle activity, 
and radium-226 indicates that natural concentrations are normally much less than 
the criteria (Table 9.2). Similarly, the livestock criteria of 3,000 mg/l total dissolved 
solids (NAS/NAE, 1972) isalmostdoubje the mean natural concentration of 1530 
mg/l found in the Rio Moquino atthe Jackpile Mine, The Rio Moquino has higher 
dissolved solids concentrations than the Rio Paguate or San Mateo Creek below San 
Mateo Reservoir, 

9,2.2. Natural Runoff 

Trace elements and radionuclides are found to have highly variable levels in natural 
runoff resulting from storms. These levels are statistically correlated with the 
amount of suspended sediment carried by the water. Despite the high amounts of 
sediment that are sometimes carried by natural runoff, livestock may still use these 
waters, i herefore, natural runoff quality was compared with livestock watering 
criteria for the same six trace elements used for the comparison with perennial 
stream quality, but with very different results. 
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TABLE 9.2. Comparison of Dissolved Concentrations of Trace Elements and Rad 
Perennial Natural Waters with Livestock Watering Criteria. 

oactivity in 

• 

CONSTITUENT MEDIAN CONCENTRATION LIVESTOCK WATERING CRITERIAa 

mg/l 

As <0.005 0.2 

Cd <0.001 0.050 

Pb <0.005 0.1 

Se <0.005 0.05 ' 

V <0.010 0.1 

Zn <0.050 25 

pCi/1 

Gross alpha 2 15 

Ra-226 0.1 5b 

aThe criteria are from NAS/NAE (1972). 

b The criterion applies to combined radium-226 and radium-228. 

9 
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Measured totaLconcentrations of trace elements and radioactivity indicate that 
natural runoff qu^ i r^may not be consistent with its use for livestock watering 
(Table 9.3). Lead, vanadium, gross alpha particle activity, and radium-226 are the 
primary constituents affecting the suitability of natural runoff for livestock 
watering as median concentrations of all four constituents exceed criteria in both 
the Ambrosia Lake and the Church Rock mining districts. Even though the gross 
alpha particle activity criterion excludes alpha activity due to natural uranium, the 
median gross alpha activities of 1200 and 720 pCi/1 in the Ambrosia Lake and the 
Church Rock mining districts, respectively, far exceed corresponding natural 
uranium medians of 68 and 20 pCi/l (at equilibrium. 1 mg/l of natural uranium is 
equivalent to 677 pCi/l). 

Of lesser concern are arsenic and selenium in the Ambrosia Lake district and arsenic 
and cadmium in the Church Rock district because of exceedances of livestock 
watering criteria by maximum concentrations. The maximum concentration of 
cadmium measured in the Ambrosia Lake district is at the criterion level. 

State limits on allowable concentrations of radionuclides that maybe discharged to 
unrestricted" a reas (that is, areas not controlled fo r the purposes of protecting an 
individual from exposure to radiation or radioactive materials) provide another 
means of evaluating the relative importance of radionuclides concentrations. These 
maximum permissible concentrations (MFCs), however, apply only to state-licensed 
facilities, no t to natural runoff (see NMEID, 1980), Comparison of natural runoff 
quality with MFCs indicates that radium-226 is of concern in areas unaffected by the 
uranium industry in the Church Rock mining district and both radium-226 and lead-
210 are of concern in similar areas in the Ambrosia Lake district (Table 9.4). 
Pol-onium-210 exceeds half its MPC in the Church Rock district; all other 
radionuclides are present in small amounts compared to MFCs. While these data 
are-limited, it does appear that the radiological quality of'natural runoff may be 
worse in the Ambrosia Lake district than in the Church Rock district. 

While radium-226 and lead-210 sometimes exceed MFCs in uncontaminated, 
natural runoff, natural radiation levels may be a cause for concern even when these 
radionuclides simply approach MFCs. A sample from the South Fork of the Puerco / 
River on September 21, 1982, provides a typical example (Table 9.5). Both radium-
226 and lead-210 occurred at about 75 percent of their respective MFCs in this 
sample. Jven though no radionuclide in the sample exceeded its MPC, the sum of 
the ratio of each radionuclide concentration to its MPC exceeds 1.00 (actual value, 
1.66) and thus is in excess of specifications set forth in Part 4, Appendix A, Note 1 of 
the New Mexico Radiation Protection Regulations (NM EID, 1980). Uranium 
industry facilities licensed under these regulations are not permitted to release 
waterof this quality to unrestricted areas. Yet, watercourses in the Grants Mineral 
Belt may receive yvater of this quality simply as a result of natural circumstances. 

• 
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TABLE 9.3. Comparison of Total Concentrationsof Trace Elements and Radioactivity in 
Natural Runoff w i th Livestock Watering Criteria. 

CONSTITUENT 

AMBROSIA LAKE 
MINING DISTRICT 

Median Maximum 

CHURCH ROCK 
MINING DISTRICT 

Median Maximum 
LIVESTOCK WATERING 

CRITERIAa 

mg/l 

As 

Cd 

Pb 

•Se 

V 

Zn 

0.13 0.26 

0.006 0.05 

0.52 2.0 

0.03 0.15 

0.61 3.2 

1.5 1.7 

Gross alpha 

Ra-226 

aThe criteria are fr 

bThe criterion app 

1.200 2,100 

15 321 

om NAS/NAE (1972). 

lies to combined radium-; 

0.08 0.30 

0.003 0.06 

0.17 2.0 

<0.005 0.03 

0.40 0.92 

0.38 8.5 

pCi/1 

720 1,600 

19 47 

226 and radium-228. 

0.2 

0.050 

0.1 

0.05 

0.1 

25 

m 
15 

5b . 



TABLE 9.4. Comparison of Total Radioactivity in Natural Runoff wi th Maximum Permissible 
Concentrations for Releases to Unrestricted Areas. All concentrations are in 
picocuries per liter (pCi/1). 

RADIONUCLIDES 

Pb-210 

Po-210 

Ra-226 

Th-228 

Th-230 

Th-232 

U-natural 

AMBROSIA LAKE 
MINING DISTRICT 

Median Maximum 

88 720 

43b 

15 321 

68 379 

CHURCHROCK 
MINING DISTRICT 

Median Maximum 

53 74 

80 450 

19 47 

22 43 

24 42 

24 43 

149 203 

MAXIMUM 
PERMISSIBLE 
Concentrationa 

100 

700 

30 

7,000 

2,000 

2,000 

30,000 

• • aThe maximum permissible concentrations are from Table II of Appendix A to Part 4 of 
the New Mexico Radiation Protection Regulations (NM EID, 1980). The concentrations 
are not applicable to natural runoff and are used only for comparison purposes. 

bOnlyasing le measurement is available 

9 
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TABLE 9.5. Total Radionuclide Concentration/Maximum Permissible 
Concentration Ratios for the South Fork of the Puerco River on 
September 21, 1982. 

RADIONUCLIDE CONCENTRATION MPC^ 
(pCi/1) (BCi/li 

CONCENTRATION/MPC 
RATIO 

Pb-210 
Po-210 
Ra-226 
Th-230 
U-natural 

74 
90 
23 
42 
14 

12 
3 
6 
4 

100 
700 
30 

2,000 
30,000 

0.74 
0.13 
0.77 
0.02 
0.0005 

TOTAL 1.66 

aThe maximum permissible concentrations are from Table 11 of Appendix A to 
Part4of the New Mexico Radiation Protection Regulations (NM EID, 1980). The 
concentrations are not applicable to natural surface waters and are used only for 
comparison purposes. 



9.3 URANIUM MINE WASTE PILES AND OPEN PITS 

A potential concern about degradation of surface water quality from uranium 
mining is runoff from uranium mining operations - specifically, from mine waste 
piles and open pit operations. Both surface and underground mining produce 
waste piles. While the waste piles vary considerably in respect to ore content, the 
existence of the piles creates the potential for trace elements and radioactivity to be 
carried by runoff into surface water courses. Similarly, open pit mining exposes the 
ore body and creates the potential for contamination of surface waters through 
runoff. Furthermore, open pit mines have large waste piles nearby which may be 
subject to erosion. 

Investigation of the largest open pit mine in the Grants Mineral Belt, the Jackpile-
Paguate mine, indicates that while certain radioactive parameters are significantly 
elevated downstream from the mine, water quality both upstream and downstream 

^ Pis consistent with the livestock watering use. Investigation of mine waste piles in 
I the Ambrosia Lake mining district, however, indicatesthat runoff from the piles is 
I of a considerably lesser quality than natural runoff. Thus, such runoff is definitely 
I not suitable for livestock watering and raises concerns about its levels of 
^radioact iv i ty. Similar results are expected to be found in the Church Rock district. 

9.3.1. Runoff From Mine Waste Piles 

Runoff from uranium mine waste piles exerts a potentially significant impact on 
surface water quality in the Grants Mineral Belt because of thetrace elements and 
radioactivity associated with sediment carried by this runoff. Similar to the 
situation with natural runoff, livestock may ingest such turbid waters. 

Total concentrations of arsenic, cadm^ium, lead, selenium, vanadium, gross alpha 
particle activity, and radium-226 found in mine waste pile runoff in the Ambrosia 
Lake District are not consistent with ingestion of this water by livestock (Table 9.6). 
This conclusion remains true even after the gross alpha activity is corrected for the 
alpha activity due to natural uranium (1 mg/l is equivalent to 667 pCi/l), which is not 
included in the livestock watering criterion. The median and maximum uranium 
values of 389 and 41,800 pCi/1 are far belowthe measured gross alpha activity levels. 
In fact, for all constituents except arsenic, maximum concentrations are one to four 
orders of magnitude above livestock watering criterion. Even for arsenic, the 
maximum concentration exceeds the livestock watering criterion by over seven 
times. The median concentration of arsenic, though, is at its criterion level and 
selenium levels normally do not exceed its criterion. 

Even though maximum permissible concentrations (MFCs) for release of 
radionuclides to unrestricted areas do not apply to runoff from mine waste piles, 
comparison with MFCs provides a means of evaluating the relative importance of 
radionuclides concentrations. Even median concentrations of lead-210 and radium-
226 exceed MFCs by an order magnitude and maximum concentrations exceed 
MFCs two and three orders of magnitude, respectively (Table 9.7). While natural 
uranium concentrations are normally below its MPC, this level was exceeded by the 
maximum measured concentration. 
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TABLE 9.6. Comparison of Total Concentrations of Trace Elements and Radioactivity in 
Mine Waste Pile Runoff in the Ambrosia Lake Mining District with Livestock 
Watering Criteria. 

CONSTITUENT MEDIAN MAXIMUM LIVESTOCK 
WATERING 
CRITERIAa 

^ ^ 1 

mg/l 

As 

Pb 

Se 

V 

0.21 

0.56 

0.03 

1.1 

T.5 

2.5 

0.85 

24.8 

0.2 

0.1 

0.05 

0.1 

pCi/l 

Gross alpha 

Ra-226 

• 

10,800 

650 

420,000 

34.900 

15 

5b 

aThe criteria are from NAS/NAE (1972). 

bThe criterion appliesto combined radium-226 and radium-228. 

• 

i 

• 



TABLE 9.7. Comparison of Total Radioactivity in Mine Waste Piles in the Ambrosia Lake 
Mining District wi th Maximum Permissible Concentrations for Releases to 
Unrestricted Areas. All concentrations are in mg/l. 

4 1 RADIONUCLIDE MEDIAN MAXIMUM MAXIMUM 
PERMISSIBLE 
CONCENTRATIONS^ 

Pb-210 

Ra-226 

U-natural 

1,000 

650 

389 

30.050 

34.900 

41.800 

100 

30 

30,000 

9 
^The maximum permissible concentrations are from Table ll.of Appendix A to Part 4 of 
the New Mexico Radiation Protection Regulations'(NM EID. 1980). The concentrations 
are not applicable to natural runoff and are used only for comparison purposes. 

9 
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When the resultsof comparison wi th livestock watering criteria and MPCsare 
^ considered together, the obvious conclusion is that while the quality of natural 

runoff in the Ambrosia Lake mining district is poor, mine waste pile runoff is worse. 
While information on the quality of mine waste pile runoff in the Church Rock 
district was not collected, this same conclusion is expected to hold in that district 
also. 

9.3.2. Effect of an Open-Pit Mine on Surface Water Quality 

Streams above and below the Jackpile-Paguate open-pit mine are likely to be used 
for livestock watering. In comparison to water quality in the Rio Paguate and the 
Rio Moquino above the mine, total dissolved solids and dissolved levels of gross 
alpha particle activity and radium-226 are significantly elevated in the Rio Paguate 
below the mine. In addit ion, dissolved concentrations of some trace elements are 
slightly elevated. 

Comparison of livestock watering criteria with dissolved concentrations below the 
mine indicatesthat all constituents except for gross alpha and radium-226 are much 
less than recommended criteria (Table 9.8). Only the recommended criterion for 
gross alpha activity is apparently exceeded. The criterion, however, based on the 
criterion for domestic watersupply (NAS/NAE, 1972), excludes uranium and the 
mean natural uranium concentration of 0.12 mg/l below mine accounts for 81 pCi/l 
of alpha activity. Therefore, the gross alpha activity is wi thin the standard and the 
streams both above and below the Jackpile-Paguate mine are suitable for livestock 
use. 

9.4. RELATIONSHIP OF RUNOFF QUALITY TO STREAM QUALITY 

Under natural conditions (i.e., wi thout mine dewatering). f low in San Mateo Creek 
below the community of San Mateo and the Puerco River consists of waters derived 
from runoff. Comparison of natural runoff from storms with livestock watering 
criteria indicates that such waters are not suitable for livestock watering primarily 
because of excessive concentrationsof lead, vanadium, gross alpha particle activity, 

^ and radium-226. Data, while restricted to the Ambrosia Lake mining district, 
indicates that runoff from uranium mine waste piles is even less suited for livestock 
watering because of even higher concentrations of the same constituents. 

Nonetheless, there are two lines of evidence that, when considered together, 
I suggest that the direct effects of runoff, natural or uranium mine waste pile, on 
/ waterquality are primarily local in extent. First, trace elements and radionuclides in 
/ runoff are bound up with sediment. Both trace element and radionulcide 

concentrations in runoff have been found to have linear, first-order statistical 
correlations with sediment concentrations. Further, leach tests did not produce 
significant leaching of trace elements from mine wastes. In addition, investigations 
of the partitioning of lead-210 and radium-226 between suspended and dissolved 
phases of runoff indicate that almost all o f the radioactivity is associated with the 
suspended phase. 

Secondly, sediments from an area become mixed with other sediments carried by 
" the watercourse and thus diluted and then deposited along the stream bottom. The 
•' investigations of sediment deposition downstream from the San Mateo mine waste 

pile serve asa case example. Sediments originally identifiable as having the waste 
pile astheirsource on the basis of trace element and radionuclide concentrations, 



TABLE 9.8 Comparison of Dissolved Concentrations of Total Dissolved Solids. Trace 
Elements, and Radioactivity in the Rio Paguate below the Jackpile-Paguate 
Mine with Livestock Watering Criteria. 

' CONSTITUENT MEDIAN CONCENTRATION LIVESTOCK WATERING CRITERIAa 

mg/l 

TDS 

As 

Cd 

Pb 

Se 

V 

Zn 

1,705 

0.006 

0.002 

<0.005 

0.006 

0.010 

<0.25 

3.000 

0.2 

0.050 

0.1 

0.05 

0.1 

25 

A pCi/l 

V 

Gross alpha 

Ra-226 

79 ± 18b 

3.7 ± 0.14 

15 

SC 

aThe criteria are from NAS/NAE (1972). 
bThe gross alpha particle criterion excludes alpha activity due to natural uranium. 
Therefore, while the mean apparently exceedsthe criterion, actually the gross alpha is 
accounted for by the mean natural uranium concentration of 0.12 mg/l, which is 
equivalent to 81 pCi/l. 

cThe radium criterion appliesto combined radium-226 and radium-228. 

1 
1 

am. 
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eventually become so mixed with other sediments as to no longer be chemically 
distinguishable. This phenomon has been noted by Popp and others (1983). 

Watercourses of the Grants Mineral Belt, nonetheless, are dynamic systems. While 
di lut ion and deposition of sediments serve as natural mechanisms that limit adverse 
water quality impacts of runoff, such sediments do not necessarily remain deposited 
on channel bottoms. Instead, storm runoff or f low resulting from mine dewatering 
may entrain sediment and thus result in resuspension. further mixture, and later 
redeposition downstream. Thus, re-entrainments and later redeposition serves as a 
process for carrying trace elements and radioactivity downstream in Grants Mineral 
Belt watercourses. 

6 
9 . r IMPACT OF MINEWATER DISCHARGES ON SURFACE WATER QUALITY 

In terms of both quantity and quality, discharged minewaters are the dominant 
type of surface waters in the Grants Mineral Belt. Treated minewaters are used 
directly for livestock watering and irrigation and thus should be evaluated for 
suitability for these uses. Further, they infiltrate to shallow alluvial aquifers and 
may thus secondarily be used as a source of domestic water supply. Therefore, 
direct comparison of treated minewater quality wi th domestic watersupply 
standards indicate the changes in chemical quality, whether by natural means or 
treatment, that treated minewaters must undergo to be suitable as domestic water 
sources. 

In the Ambrosia Lake mining district, the treated minewater constituents of 
greatest concern in relation to water uses are selenium, radium-226, and 
secondarily molybdenum (Table 9.9). Selenium normally exceeds standards and 
criteria established for livestock watering, irrigation, and domestic water supply. 
Selenium is of special concern as it remains soluble as minewaters f low dovvnstream. 
Median radium-226 concentrations slightly exceed both the livestock watering and 
irrigation criteria and the New Mexico Water Supply Regulations standard for 
domestic water supply. The maximum radium-226 concentration also exceeds the 
New Mexico Ground Water Regulations standard for protection of ground waters 
for domestic water supply use. While radium-226 readily becomes adsorbed onto 
sediment or is co-precipitated and thus through these mechanisms tends to become 
deposited on stream bottoms, the radium-226 associated with sediments may also 
be later entrained and transported downstream by runoff or dewatering effluents. 

While minewaters are not known to be used for irrigation in the Ambrosia Lake 
mining district, the use of minewaters for irrigation in the Church Rock district 
indicates that potential for such use exists. Molybdenum levels are normally more 
than a magnitude higherthan the criterion recommended by VIeck and Lindsay 
{^^11) to prevent excessive plant uptake of molybdenum. Further, while 
molybdenum levels normally meet the considerably higher New Mexico Ground 
Water Regulations standard for protection of ground water for irrigation use, the 
maximum measured molybdenum level even exceeds that less restrictive standard 
by a factor of three. Molybdenum like selenium remains in solution. 

Concentrations of other constituents shown on the table raise further concerns 
about the use of treated minewaters in the Ambrosia Lake mining district. Total 
dissolved solidsand sulfate concentrations normally exceed the New Mexico Ground 
Water Regulations standard for protection of ground waters for irrigation and 
domestic water supply use. Arsenic meets the livestock watering criterion, but the 



TABLE 9 9 Comparison of Total Concentrations in Minewate discharges in the Ambrosia Lake Mining District witl- Vater Use 
G^pria and Standardsr - ^ ^ ^ ^ 

- - -

NSTITUFNT 

FDS 

i 0 4 

As 

3a 

M o 

>e 

Ll n a t u r a l 

/ 

jross Alphaa 

Ra-226i' 

MINEWATER 
CONCENTRATIONS 

Median Maximum 

USE CRITERIA AND STANDARDS 

Livestock Watering 
(NAS/NAE) 

Irrigation 

(NAS/. 
NAE) 

(The 
Molybdenum 
Project 

1 

(NM Ground 
Water 
Regulations) 

Domestic Water Supply 
{HU Water (N^A Ground 
Supply Water 
Regulations) Regulations) 

mg/l 

1,610 

755 

0.011 

0.21 

0 80 

0.09 

1.56 

0.029 

2,615 

1.370 

0.20 

17 

3.2 

1.0 

3.0 

0.29 

3,000 

0.2 

0.05 

0.1 

0.10 

0.02 

0.10 

0.020 

1,000 

600 

0.1 

1.0 

1.0 

0.05 

5.0 

0.05 

1. 

0.01 

1,000 

600 

0.1 

1.0 

0.05 

5.0 

- V 

pCi/l 

635 

6.4 

1.760 

200 

15 

5 5 

15 

5 

NOTE: Information on the sources o f the use criteria and standards is found in Table 9.1. 
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•̂ 'The fjross alphj pjiriicle activity criteria exclude alpha activity due to natural uranium. Therefore, while the measured concentrations 
apparently are exceedances, the median and maximum natural uranium concentrations account for 1,060 and 2,030 pCi/l, respectively. 
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maximum arsenic level exceeds its irrigation criterion and standard and its domestic 
water supply standards. While barium levels normally meet the New Mexico Water 
Supply Regulations standard for domestic water supply and the New Mexico 
Ground Water Regulations standard for protection of ground waters for irrigation 
and domestic water supply use. the maximum barium level exceeds these standards. 
In a similar manner, vanadium levels normally meet and the maximum level exceeds 
livestock watering and irrigation criteria. 

Gross alpha particle activity levels, which exceed the numeric levels of both the 
livestock watering criterion and the New Mexico Water Supply Regulations 
standard for domestic water supply, are accounted for by the alpha activity of 
natural uranium and thus are not exceedances as the criterion and the standard do 
not include alpha activity due to natural uranium. There is actually a large disparity 
between the calculated natural uranium alpha activity and the lower measured 
gross alpha activity levels as the median and maximum alpha activity levels for 
uranium are 1,060 and 2,030 pCi/1, respectively. Such differences, though, are 
common asa resultof the difficulties of measuring gross alpha activity. 

In the Church Rock mining district, the treated minewater constituents of greatest 
concern in relation to water uses are selenium and radium-226 (Table 9.10). 
Selenium normally exceeds criteria and standards established for livestock watering, 
irrigation, and domestic water supply. Maximum radium-226 concentrations exceed 
livestock watering and irrigation criteria and domestic water supply standards. 

Of lesser concern in the Church Rock district are barium and molybdenum. Barium is 
normally below its New Mexico Ground Water Regulations standard for protection 
of ground waters irrigation and domestic water supply, but the maximum observed 
concentration was slightly higherthan twice the standard of 1,0 mg/l. Molybdenum 
levels are normally less than the irrigation criterion recommended by VIeck and 
Lindsay (1977) and even the maximum level is only about one-half the New Mexico 
Ground Water Regulations standard for protection of ground waters for irrigation 
use. The irrigation criterion, however, is exceeded by the maximum observed level. 
While the maximum measured total dissolved solids concentration of 1,190 mg/l 
exceeds the New Mexico Ground Water Regulations standard for protection of 
ground waters for irrigation and domestic water supply use, concentrations are 
normally less than half the standard. 

Gross alpha particle activity exceeds the numeric level of both the livestock 
watering criterion and the New Mexico Water Supply Regulations standard for 
domestic use since the criterion and the standard do not include alpha activity due 
to natural uranium, these levels are not exceedances. The median and maximum 
natural uranium concentrations are equivalentto 724 and 1,220 pCi/l of alpha 
activity, respectively. The differences between gross alpha activity and the 
calculated alpha activity due to natural uranium are attributable to the difficulties 
of measuring accurate gross alpha activity levels accurately. 

In summary, comparisons of treated minewater quality with criteria and standards 
raises concern about the suitability of these waters for livestock watering, 
irrigation, and domestic water supply us-~s. Treated minewaters in the Ambrosia 
Lake district are poorer in quality and le-:. suitable for these uses than those in the 
Church Rock district (Table 9.11). Overaii, the major constituents affecting the 
suitability of treated minewaters are selenium, molybdenum, radium-226, total 
dissolved solids, and sulfate. Of these five, total dissolved solids and sulfate are the 
least important, JS these waters are not known to be used as domestic water 
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i04 
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3a 
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»e 
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/ 

iross Alphaa 
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.... 
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USE CRITERIA AND STANDARDS 

Livestock Watering 
(NAS/NAE) • 

Irrigation | 

(NAS/ 
NAE) 

1 (The 
Molybdenum 
Project 

(NM Ground 
Water 
Regulations) 

Domestic Water Supply 
(NM Water 
Supply 
Regulations) 

(NM Ground 
Water 
Regulations) 

mg/l 

452 

136 

<0.005 

0.413 

0.01 

0.042 

1.07 

0.012 

1,190 

600 

0.02 

2.1 

0.6 

0.3 

1.8 

0.07 

440 

2.0 

1,200 

89 
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3,000 

0.2 

0.05 

0.1 

0.02 

0.10 

0.020 

1,000 

600 

0.1 

1.0 

1.0 

0.05 

5.0 

pCi/l 

15 

5 5 

0.05 

1. 

0.01 

1,000 

600 

0.1 

1.0 

0.05 

5.0 

15 

5 
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TABLE 9.11. Constitutents of Treated Minewaters and Affected Water Uses. Major 
constituents affecting water uses are indicated by M; secondary constituents 
byS. 

Constituent 

TDS 

SO4 

As 

Ba 

Mo 

Se 

V 

Ra-226 

A 

AMBROSIA LAKE MINING DISTRICT 

Livestock 
Watering 

M 

S 

M 

Irrigation 

M 

M 

S 

s 

M 

M 

S 

M 

Domestic 
Water 
Supply 

M 

M 

S 

S 

M 

M 

CHURCH ROCK MINING DISTRIC"^' 

Livestock 
Watering 

M 

S 

Irrigation 

S 

s 

s 

M 

s 

Domestic 
Water 
Supply 

S 

S 

S 

M 

S 

• 

NOTE: A constituent affecting a water use is considered major if the median 
concentration exceedsthe most sensitive criterion or standard given in Table 9.1 
for a specific use (i.e., measured levels normally exceed the criterion). A 
constituent is considered secondary if the median meets, but the maximum 
exceedsthe most sensitive criterion or standard for a specific use (i.e., while 
measured levels normally meet the criterion, exceedances are found). 

• 



supplies or, in the Ambrosia Lake district where total dissolved solids concentrations 
are higher, for irrigation. Further, a compliance evaluation of total dissolved solids 
and sulfate in relation to irrigation use would need to consider individual ions, soils, 
crops, and acceptable yields, As mentioned earlier, radium-226 decreases as waters 
f low downstream from adsorption and co-precipitation and deposition, but may be 
resuspended. Selenium and molybdenum, however, remain soluble and thus 
continue to affect water use downstream as well as at the point of discharge. 

Most radionuclides in treated minewaters are well below the maximum permissible 
concentrations (MFCs) for releases to unrestricted areas except for radium-226 
(Table 9.12). While the MPCsapply only to state-licensed facilities and no t to 
treated minewaters, here again MFCs serve as a useful basis for comparison. 
Radium-226 concentrations are normally below its MPC, but maximum levels exceed 
the MPC by almost three and seven times in the Church Rock and Ambrosia Lake 
mining districts, respectively. The maximum levels reflect poor operation of 
treatment systems. The only other radionuclide present in significant amounts in 
relation to its MPC is lead-210 in the Ambrosia Lake district. The median and 
maximum measured concentrations are 1/7 and 1/3 the MPC, respectiveTy. Both 
radium-226 and lead-210 are usually lost from by becoming sediment-bound and 
deposited on stream bottoms, but may later be resuspended. 

Animals exposed to Puerco River water tend to have higher concentrations of 
radionuclides in their tissues than control animals (Ruttenber and others-, 1980). 
Evidence suggests that observed radionuclide concentrations have resulted from 
prolonged ingestion of contaminants predominantly derived from mine dewatering 
effluents and native soils. A separate EID study (Lapham and Millard, 1983) is 
intended to examine livestock throughout the Grants Mineral Belt and to quantify 
the risk to people who eat these animals. 

While no current health standard for uranium was exceeded in treated niinewaters, 
recent data suggest that chemical and radiological toxicities for uranium have been 
substantially underestimated. The New Mexico Ground Water Regulations standard 
of 5.0 mg/l was established for chemical toxicity, and the MPC for releases to 
unrestricted areas, equivalent to 44.3 mg/l. is based on radiotoxicity. In contrast, 
suggested maximum daily limits for potable water, developed from recent data by 
the U.S. Environmental Protection Agency (1983), are 0.21 mg/l and 0,015 mg/l 
based on chemical toxicity and radiotoxicity, respectively. If these more stringent 
limits are used for comparison, virtually none of the effluent affected waters would 
be considered suitable for potable water without further treatment. 

9,6 IMPACT OF MINEWATER DISCHARGES ON GROUND WATER QUALITY 

Dewatering effluents have infilterated shallow alluvial aquifers to such an extent 
that ground waters along San Mateo Creek downstream from the Ambrosia Lake 
mining district to the Otero well cluster and in localized areas along the Puerco 
River downstream from the Church Rock mining district now have a strong chemical 
resemblance to treated minewaters. Comparison of mean values for five wells 
along San Mateo Creek and two wells on the Puerco River determined to be 
affected by minewaters with use criteria and standards indicates that only 
molybdenum, selenium, and perhaps gross alpha are currently found in high 
enough concentrationsto raise concerns aboutthe suitability of shallow ground 
waters for livestock watering, irrigation, and domestic water supply uses (Table 
9.13). Concentrations of other constituents are well below use criteria and 
standards. 
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TABLE 9.12. Comparison of Total Radioactivity in Minewater Discharges wi th Maximum 
Permissible Concentrations for Releases to Unrestricted Areas. All concentrations 
in pCi/l. 

RADIONUCLIDES 

Pb-210 

Po-210 

Ra-226 

Ra-228 

Th-228 

Th-230 

Th-232 

U-naturalc 

AMBROSIA LAKE 
MINING DISTRICT 

Median Maximum 

14±5 33±6 

1.1±0.4 14±2 

6.4 ±1.2 200110 

0 ± 2 0 ± 2 

<0.1 <0.3 

0.7±0.2 4.010.5 

<0.1 <0.1 

1.060 2,030 

CHURCH ROCK 
MINING DISTRICT 

Median Maximum 

10±2b 

9.8 17.4 15 ±5 

2.0 10.2 89 + 5 

0 1 2b 

- " <0.2b 

3.9 10.5b 

<0.2b 

724 1.220 

MAXIMUM ^ 
PERMISSIBLE 

CONCENTRATIONa 

100 

700 

30 

'".Z 30 

liooo 

2,000 

2,000 

30,000 

• 

a Maximum permissible concentrations are from Table II of Appendix A to Part 4 of the New 
Mexico Radiation Regulations (NM EID, 1980). The concentrations are not applicable to 
treated minewaters and are used only for comparison. 

b Only two samples were analyzed forthis radionuclide in the Church Rock mining district. 

c Uranium radioactivity was calculated from total concentrations in mg/l by using the i 
conversion facor, 1.0 mg/l equals 677 pCi/l. j 
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P 
WELL 

Mean concentrations ot Ground Water Constituents Exceeding Use Criteria 
and Standards. 

MOLYBDENUM 

Mean Affected 
Concentra- Use 
tions 
(mg/l) 

SELENIUM 

Mean Affected 
Concentra- Use 
tions 
(mg/l) 

GROSSALPHA 

Mean Affected 
Concentra- Use 
tions 
(pCi/l) 

San Mateo Creek 

SAN-1 

SAN-2 

OTE-1 

OTE-2 

OTE-4 

0.381 IRR 

0.261 IRR 

0.018 DWS 

0.018 DWS 

0.080 LW, IRR. DWS 

0.072 LW. IRR, DWS 

0.102 LW, IRR. DWS 

d A Puerco River 

CON-3 

NOTE: 

0.170 IRR 0.011 DWS 

184138 LW. DWS 

209 1 69 LW. DWS 

The fol lowing use criteria and standards were used in preparing thetable: 

LW (livestock watering) 

Se 0.05 mg/I NAS/NAE (1972) 
Gross alpha 15pCi/l NAS/NAE (1972) 

IRR (irrigation) 

Mo 0.150 mg/l The Molybdenum Project (VIeck and 
Se 0.02 mg/l Lindsay, 1977) 

NAS/NAE (1972) 
DWS (domestic water supply) 

Se 0.01 mg/l) New Mexico Water Supply Regulations 
(NM EIB, 1977) 

Grossalpha 15 pCi/l (except for New Mexico Water Supply Regulations 
uranium and radon) (NM EIB, 1977) 

1 -D-I 



Selenium is the major constituent affecting the suitability of ground water for 
present and future use. The most sensitive use is domestic water supply; the least 
sensitive, livestock watering. Selenium concentrations in all five wells along San 
Mateo Creek and in one o f the two wells (CON-3) on the Puerco River exceed the 
standard for public water supplies in the New Mexico Water Supply Regulations. 
The mean for CON-3, though, is essentially a t the level of the standard. In addit ion, 
the three wells located farthest downstream on the San Mateo have selenium 
concentrations well above use criteria and thus are not suitable for livestock 
watering and irrigation. The molybdenum criterion for irrigation is exceeded at 
two wells in the Otero cluster along San Mateo Creek and at CON-3 on the Puerco 
River. 

Gross alpha particle activity is generally elevated in ground waters influenced by 
dewatering effluents, but this increase is usually the result of natural uranium and 
thus does not constitute an exceedance of the livestock watering criterion and 
public water supply standard of 15 pCi/l. Only SAN-1 and SAN-2 had excess gross 
alpha activities of 34 and 39 pCi/l, respectively, not accounted for by natural 
uranium levels. Because o f the difficulties involved in measuring gross alpha 
particle activity accurately and resulting errors associated wi th such measurements, 
these excess levels may be artifacts. 

Comparison of ground water quality wi th use criteria and standards raises definite 
concerns about shallow alluvial aquifers along San Mateo Creek. The suitability of 
these ground waters for future use has already been affected. Unfortunately, 
sufficient data are not available to examine trends and to make predictions on 
future water quality. 

Conclusions on ground waters along the Rio Puerco are not so clear-cut. The 
alluvium along the Rio Puerco is less permeable than along San Mateo Creek with 
the results that affected areas are more localized. Further, effects of the UNC 
tailings spills in local areas on the shallow aquifer has obscured possible effects 
related to dewatering. The levels of selenium and molybdenum, however, in 
CON-3, while lower than levels in wells along San Mateo Creek, indicate that there 
is a potential for sufficient degradation of ground water along the Puerco River to 
affect future water uses. 

No current health standard for uranium is exceeded in alluvial ground waters. If the 
more stringent suggested limits discussed in section 9.5 are used for comparison, 
however, virtually none o f the minewater affected ground waters would be 
suitable for potable water wi thout further treatment. Because elevated levels of 
uranium may persist in alluvial aquifers for a decades, this treatment would have to 
be sustained for long period of time. 
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EXECUTIVE SUMMARY 
REMEDIAL ACTION PLAN 

AMBROSIA LAKE, NEW MEXICO, SITE 

Background 

The Ambrosia Lake Inactive uranium mill site, also known as the former 
Phillips-United Nuclear site, is in McKinley County, New Mexico, approximately 
25 road miles north of Grants, New Mexico (see Figure 3.1). The 195.6-acre 
designated site consists of the Ill-acre tailings pile, the mill yard, and 
piles of demolition rubble awaiting burial. The site contains 2.659 million 
cubic yards of tailings including 277,000 cubic yards of contaminated material 
in the mill yard, ore storage area, and Ann Lee Mine area; 151,000 cubic yards 
in the protore storage and leach pad areas; and 664,000 cubic yards of 
windblown contaminated soil, including excess soil that would result from 
excavation. 

Remedial action 

The remedial action will start with the excavation of windblown 
contaminated material and placement around the west, south, and east sides of 
the pile to buttress the slopes for Increased stability. Most of the 
demolition rubble will be placed in the southern part of the pile and be 
covered with tailings. The northern part of the tailings pile (one million 
cubic yards) will then be excavated and placed on the south part of the pile 
to reduce the size of the disposal cell footprint. Demolition rubble that 
meets guidelines for uncontaminated material will be disposed of in a separate 
pit adjacent to the disposal cell within the final repository area. The 
remainder of the windblown contaminated material will then be placed on top of 
the tailings pile. A radon/infiltration barrier composed of compacted 
weathered Mancos Shale will be placed on top of the windblown contaminated 
material to control the release of radon gas and to restrict infiltration. A 
sand filter layer will be placed on top of the radon/infiltration barrier and 
will be covered with rock riprap to protect the disposal cell from erosive 
forces. After completion of the remedial action, the U.S. Department of 
Energy (DOE) will be responsible for complying with the U.S. Nuclear 
Regulatory Commission general license and perform surveillance and maintenance 
at the final restricted site. 

Pursuant to the requirements of the Uranium Mill Tailings Radiation 
Control Act of 1978 (UMTRCA), the proposed remedial action plan (RAP) will 
satisfy the U.S. Environmental Protection Agency (EPA) standards (40 CFR 192) 
for cleanup, stabilization, and control of the residual radioactive materials 
(referred to as tailings or contaminated material) at the Ambrosia Lake site. 
The requirement for control of the tailings (Subpart A) will be satisfied 
by the construction of an engineered disposal cell. Compliance with the 
groundwater requirements of 40 CFR 192 Subpart A will be through meeting 
supplemental standards (see Appendix E, Groundwater Protection Strategy). 
The site is eligible for supplemental groundwater standards due to the 
presence of Class III or limited use groundwater in the uppermost aquifer (the 
alluvium/weathered Mancos Shale and Tres Hermanos-C Sandstone), because the 
uppermost aquifer is incapable of producing 150 gallons per day or more for a 
sustained period of time (see Section D.8.4 of Appendix D). 



In addition to insufficient yield, the water contained in the alluvium/ 
weathered Mancos Shale and Tres Hermanos-C Sandstone is of poor quality and 
cannot be used for drinking or other beneficial purposes. A potential point 
of exposure could be from consumption of water from the Westwater Canyon 
Member of the Morrison Formation, Contaminated groundwater may have migrated 
down mine shafts and vent shafts into the Westwater Canyon Hember in the past 
and is expected to continue on a much smaller scale after the tailings are 
stabilized. However, past and present mixing of the contaminated groundwater 
with the Westwater Canyon Member groundwater has had negligible effect on 
water quality in the Westwater and, as a result, no additional risk to humans 
or the environment is expected in the future. The Westwater Canyon Hember is 
a source of drinking water in the area, but due to mining in the region, water 
quality has already deteriorated to the extent that there is some risk to 
humans or animals who consume it. Water in the Westwater Canyon Member 
exceeds the EPA maximum concentration limits for cadmium, chromium, lead, 
molybdenum, selenium, silver, uranium and activities of radium 226, radium 228 
and gross alpha. 

A supplemental standards discussion was prepared (see Addendum A to 
Appendix E) and includes a risk assessment to evaluate the existing water 
quality and to substantiate that the proposed supplemental standards are 
protective of human health and the environment. The site design will perform 
as close to meeting the otherwise applicable standards as is reasonably 
achievable. Infiltration through the disposal cell will be minimized by 
creating compaction and moisture conditions in the radon/infiltration barrier 
that will ensure the radon/infiltration barrier remains unsaturated. However, 

•

to be conservative, the radon/infiltration barrier was assumed to be saturated, 
which would result in an infiltration rate that is higher by approximately one 
order of magnitude. The 3.5-foot-thick barrier also will reduce radon release 
to below the EPA standard of 20 picocuries per square meter per second. A 
coarse-grained, six-inch-thick filter layer will be placed on top of the 
radon/infiltration barrier at a slope of four percent on the top and 20 percent 
on the sides to encourage runoff of precipitation. The combination of design 
features will enable the cell to comply with the EPA standards. 

With the exception of the relic groundwater plume, the standards for the 
cleanup of the site under Subpart B of 40 CFR 192 will be satisfied with the 
proposed remedial action. Cleanup of the mill yard, windblown contaminated 
areas, and demolition rubble will be accomplished by consolidating the 
contaminated materials into the disposal cell. The DOE will verify that 
cleanup to standards has been accomplished. Cleanup of the relic groundwater 
plume will be addressed in another DOE program in a separate National 
Environmental Policy Act process at a later time. The supplemental standards 
application in Addendum A to Appendix E concluded that significant health risk 
is not present and is not expected due to contaminated groundwater. 

Groundwater monitoring 

Groundwater quality will be monitored in wells during the construction 
period. However, post-closure groundwater quality monitoring is not proposed 
at Ambrosia Lake and is not needed because water in the uppermost aquifer, the 
alluvium/ weathered Mancos Shale and Tres Hermanos-C sandstone, has a very 
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limited areal extent and the quality is so poor that no future use is 
expected. Furthermore, no additional degradation, of groundwater quality can 
occur because existing levels of saturation in the alluvium weathered Hancos 
Shale and Tres Hermanos-C sandstone are derived from uranium processing 
activities at the site. Monitoring in the deeper Westwater Canyon Member 
(which is hydraulically connected to the uppermost aquifer) is also not 
proposed because it is not possible to distinguish water quality changes in 
the Westwater Canyon Member that would be attributable to the seepage from the 
Ambrosia Lake disposal cell. Even though post-closure groundwater quality 
monitoring is not proposed, the public is still protected as described in 
Addendum A of Appendix E. 

RAP changes 

The major changes to the Ambrosia Lake RAP that have been made since the 
preliminary final RAP was issued in May 1987 are to demonstrate compliance 
with the EPA groundwater protection standards. 

Specific changes to the RAP are as follows. 

0 Inclusion of this executive summary. 

o Section D.8, Groundwater Hydrology in Appendix D, has been rewritten 
to describe the results of sampling from monitor wells installed in 
1989 and to report results of monitor well falling head slug 
withdrawal and pumping tests. 

0 Appendix E in the current RAP is now a discussion of the water 
resources protection strategy including Addendum A that consists of a 
supplemental groundwater standards discussion and related risk 
assessment. A summary of the strategy is also contained in Section 
5.0 of the main RAP text. 

0 Appendix F now contains the updated site design, specifications, and 
drawings that formerly were presented in Appendix E of the May 1987 
preliminary final RAP. Revision of the site design. Appendix F, to 
(1) delete work that has been performed in one of the other Ambrosia 
Lake subcontract packages, and (2) incorporate changes recognized in 
responses to comments. Two minor cover enhancements will be issued in 
the near future to change the radon/infiltration barrier compaction to 
100 percent of standard Proctor density and to require a coarser 
filter layer. 

0 Clarification of mineral extraction activity in Section 3.5.6, Mineral 
Resources. 

0 Revision of demolition rubble disposition in Section 4.2, Design 
Summary; Section 4.3.4, Demolition; and Section 4.4.3, Demolition. 

0 Clarification of health and safety issues in Section 6, Environmental 
Health and Safety. 



0 Update of radiological survey and verification procedures in 
Appendix C. 

0 Revision of Appendix A describing hazardous waste management. 

0 Three addenda were included with the preliminary final RAP (May 1987) 
that have not been reproduced in the current version of the RAP: 
Addendum Dl - Summary Radiological Data; Addendum D2 - Seismic Event 
Catalogs; and Addendum D3 - Geotechnical Logs. Please refer to the 
May 1987 RAP for this information. 

Design options considered but not incorporated 

Several design options were evaluated for inclusion in the final design 
of the tailings cell but were rejected for a variety of reasons. The 
alternatives were considered as a means of complying with the EPA groundwater 
protection standards that were proposed in September 1987 after the 
preliminary final RAP was published. The current design incorporates features 
that are reasonable and prudent to ensure that the EPA standards will be 
achieved. Other concepts were found to (1) be impractical for the Ambrosia 
Lake site; (2) be unproven technological applications; or (3) not provide 
additional assurance of meeting the EPA standards. 

Several changes in the cover layers that reduce infiltration were 
evaluated. These Include a sodium amendment (salt) to the radon/infiltration 
barrier, steeper slopes, a CLAYMAXl^ membrane, a soil/rock matrix layer, and 
a vegetated soil cover. Applying additional sodium to the radon/infiltration 
barrier could create a dispersed soil with a lower hydraulic conductivity. 
The proposed radon/infiltration barrier will be constructed from compacted 
weathered Mancos Shale, which has a high content of montmorillonite (a sodium 
clay). A lower cover infiltration rate would be beneficial to groundwater 
protection. However, laboratory tests at another site with similar soils 
demonstrated only small decreases in saturated hydraulic conductivity with 
large amounts of sodium bentonite added (25 percent). Sodium amended soil 
could release salts into surrounding soils on groundwater which would be 
unwanted. Considering the laboratory test results and that a field test of a 
sodium amendment to uranium mill tailings covers has not been conducted, it is 
prudent not to include an additional sodium amendment in the cover design. 

Steepening the top and sideslopes of the cover was evaluated to determine 
if it would have the beneficial effect of shedding direct precipitation faster 
than the current design so that less net infiltration through the tailings may 
occur. The current design includes 20 percent sideslopes and four percent 
topslopes. The main drawback of steepening the slopes is that the mean 
diameter of the rock rip rap and possibly the thickness of the rock layer 
would need to be increased to compensate for faster flow velocities. This 
would necessitate a major redesign of the disposal cell, including the 
buttresses. Upon consideration of the additional design time and material 
costs weighed against the insignificant increase in protection of the public 
health, steepened cover slopes have not been included in the cell design. 
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The use of a CLAYMAX'^ geotextile/bentonite layer was considered because 
it could restrict infiltration through the cover to approximately 2 x 10'^ 
centimeters per second (cm/s) (the saturated hydraulic conductivity of 
CLAYMAX'^). CLAYMAX'' can only be used on slopes up to 4 percent and 
therefore cannot be used on side slopes. The current radon/infiltration 
barrier will have a saturated hydraulic conductivity of approximately 1 x 
10"^ cm/s. However, the radon/infiltration barrier is expected to remain 
unsaturated for the design life of 1000 years and should limit infiltration to 
a rate of 1 x 10"^ cm/s to 1 x 10~^ cm/s o r less. The performance 
assessment in Section E.3.3 concludes that the current design would ensure 
that the hazardous constituent concentrations in the leachate from the 
disposal cell would not exceed existing (i.e., background) concentrations. 
Incorporating a CLAYMAX'* layer at the Ambrosia Lake site would necessitate 
expanding the land area occupied by the cell so that gentler slopes could be 
used. Using CLAYHAX" was not found to be necessary because the current 
design will meet the requirements for a supplemental EPA groundwater standard 
for protection of groundwater with limited use. 

Alternative surface layers, such as rock with a soil matrix and a 
vegetated soil cover, were considered for use but were rejected for the 
reasons explained below. A rock/soil matrix layer with vegetation is less 
resistant to erosion than the current rock cover, assuming the slope angles 
remain the same. Slopes could be made less steep so that the soil/rock matrix 
would meet the criteria for protection from erosion. However, the south part 
of the tailings pile (the highest area) would have to be relocated to avoid 
encroaching on the county road by the flattened and extended disposal cell 
slopes. Alternatively, the county road would have to be relocated to 
accommodate the much larger disposal cell footprint. Vegetation on the rock 
soil matrix would probably not persist because of the low precipitation. A 
vegetated cover was determined to be impractical because of the low annual 
precipitation (eight inches). Even if a vegetative cover could be 
satisfactorily established, it probably would not persist over the 1000-year 
design life of the disposal cell because of the combination of low 
precipitation and occasional droughts. Again, because the current design can 
meet the proposed supplemental standard and protects the public, pursuing the 
change was not necessary. 

Further details of the design alternatives that were considered are 
described in two DOE reports: the Technical Approach Document (1989) and 
"Remedial Action Planning and Disposal Cell Design" (1989), available through 
the DOE UMTRA Project Office, Albuquerque Operating Office, Albuquerque, New 
Mexico. 



TABLE OF CONTENTS 

Section Page 

1.0 INTRODUCTION 1 
1.1 Purpose 1 
1.2 Responsibilities 1 
1.3 Scope and content 2 
1.4 Collateral documents 2 

2.0 EPA STANDARDS 5 
2.1 General 5 
2.2 Long-term stability 5 
2.3 Radon emissions control 7 
2.4 Water-quality protection 8 
2.5 Cleanup of lands and buildings 10 

3.0 SITE CHARACTERIZATION 11 
3.1 Location 11 
3.2 History 11 
3.3 Physical description 11 
3.4 Radiation 13 
3.5 Geology, geomorphology, and seismicity 14 

3.5.1 Introduction 14 
3.5.2 Geologic setting 14 
3.5-3 Geomorphology 21 
3.5.4 Seismicity 21 
3.5.5 Volcanism 24 
3.5.6 Mineral resources 24 

3.6 Geotechnical 24 
3.6.1 Foundation soils 25 
3.6.2 Tailings 36 
3.6.3 Radon/infiltration barrier 39 
3.6.4 Contaminated materials 39 
3.6.5 Erosion barrier 40 

3.7 Groundwater 40 
3.8 Surface water 42 

4.0 SITE DESIGN 43 
4.1 Introduction 43 
4.2 Design summary 44 

4.2.1 Reprocessing assessment 46 
4.2.2 Site acquisition requirements , , 46 

4.3 Permanent design features , . . , . 46 
4.3.1 Introduction 46 
4.3.2 Pile location 47 
4.3.3 Pile layout 47 
4.3.4 Demolition 48 
4.3.5 Subsurface conditions 48 
4.3.6 Geotechnical considerations 48 
4.3.7 Surface hydrology 49 

-1-



• 

9 

TABLE OF CONTENTS 

Section Page 

4.0 SITE DESIGN (Concluded) 
4.3.8 Erosion protection 50 
4.3.9 Radon control 50 
4.3.10 Economic considerations 52 

4.4 Construction features , , 52 
4.4.1 Overview 52 
4.4.2 Drainage, erosion control, and 

wastewater retention basin 53 
4.4.3 Demolition 55 
4.4.4 Dewatering 55 
4.4.5 Equipment decontamination pad 56 
4.4.6 Dust control 56 
4.4.7 Borrow areas • • • 56 
4.4.8 Archaeological sites 56 
4.4.9 Construction sequence 57 

4.5 Construction schedule 58 

5.0 GROUNDWATER PROTECTION 61 

6.0 ENVIRONMENTAL, HEALTH, ANO SAFETY 63 
6.1 Policy 63 
6.2 Site conditions affecting health and safety planning. . . 63 

7.0 RESPONSIBILITIES OF PROJECT PARTICIPANTS. 67 
7.1 Introduction 67 
7.2 Detailed responsibilities 68 

7.2.1 Regulatory compliance . . . . . . . 68 
7.2.2 Licensing 68 
7.2.3 Land acquisition 69 
7.2.4 Detailed design 69 
7.2.5 Construction 69 
7.2.6 Health and safety . 70 
7.2.7 Public information 70 
7.2.8 Radiological support 70 
7.2.9 Quality assurance 70 
7.2.10 Surveillance and maintenance 71 

8.0 SURVEILLANCE AND MAINTENANCE . 73 
8.1 Introduction 73 
8.2 Surveillance 73 

7.2.1 Site inspections 73 
7.2.2 Aerial photographs 73 
7.2.3 Reporting 74 

8.3 Custodial maintenance 74 
8.4 Contingency plans 74 

9,0 QUALITY ASSURANCE , 75 
9.1 General 75 
9.2 Quality assurance plan 75 
9.3 Daily inspection report , 75 
9.4 Measuring and test equipment calibration and control. , , 76 

-ii-



TABLE OF CONTENTS 

Section Pag£ 

9.0 QUALITY ASSURANCE (Concluded) 
9.5 Nonconformance 76 
9.6 Records control 76 
9.7 Codes and standards 76 
9.8 Record drawings 77 
9.9 Material certification. 77 
9.10 Quality assurance program verification 77 
9.11 Remedial action field changes 78 

9.11.1 Class 1 changes 78 
9.11.2 Class 2 changes 78 
9.11.3 Class 3 changes 79 
9.11.4 General requirements 79 

10.0 PUBLIC INFORMATION AND PARTICIPATION 81 
10.1 Introduction , 81 
10.2 Public participation 81 
10.3 Public information 82 

REFERENCES 83 

GLOSSARY 

APPENDIX A, Regulatory Compliance 

APPENDIX B, Engineering Design 

APPENDIX C, Radiological Support Plan 

APPENDIX D. Site Characterization (Volume II) 

APPENDIX E, Groundwater Protection Strategy (Volume II) 

Attachment A, Supplemental Standards (Volume II) 

APPENDIX F, Subcontract Documents (Volume III) 

-111-



• 

• 

LIST OF FIGURES 

Figure Paqe 

Location of Ambrosia Lake designated site . 12 
Regional seismotectonic setting and study region map 15 
Bedrock geology of the Ambrosia Lake study region 16 
South to north stratigraphic section of the San Juan 
Basin. 19 
Surficial geologic map of the Ambrosia Lake site vicinity. . . . 20 
Seismicity map of the Colorado Plateau and transition 
zones 1962 to 1980 , . , 22 
Borehole locations from previous studies 26 
On-pile geotechnical borehole locations at Ambrosia Lake . , , . 27 
On-pile piezocone sounding locations at Ambrosia Lake. . . . . . 28 
Hydrology borehole locations at Ambrosia Lake 29 
Test pit locations for radon barrier material. . 30 
Cross section A-A' Ambrosia site 31 
Cross section B-B' Ambrosia site 32 
Cross section C-C Ambrosia site 33 
Cross section D-D' Ambrosia site 34 
Bedrock structural contour map 35 
Conceptual model of material variation within a 
tailings deposit 37 
General material type locations for Ambrosia tailings 38 

Typical embankment cross section - Ambrosia Lake site 45 
Borrow site location - Ambrosia Lake site 51 
Utility locations and rubble disposal area. Ambrosia Lake. . . . 54 
Remedial action schedule - Ambrosia Lake site 59 

6.1 Hap showing the location of Cibola General Hospital, 
Grants, New Mexico 65 

LIST OF TABLES 

Table Page 

2.1 EPA standards 6 

4.1 Rock protection requirements for Ambrosia Lake tailings pile . . . 52 

3. 
3. 
3. 
3. 

3. 
3, 

3. 
3. 
3, 
3. 
3, 
3. 
3 
3, 
3, 
3. 
3. 

3. 

4, 
4. 
4. 
4, 

1 
2 

,3 
.4 

,5 
.6 

.7 

.8 

.9 
,10 
.11 
.12 
,13 
.14 
.15 
.16 
.17 

.18 

.1 

.2 

.3 

.4 

-IV-



1.0 INTRODUCTION 

1.1 PURPOSE 

This Remedial Action Plan (RAP) has been developed to serve a dual 
purpose. It presents the series of activities that is proposed by the 
U.S. Department of Energy (DOE) to stabilize and control radioactive 
materials at the inactive Phillips/United Nuclear uranium processing site 
designated as the Ambrosia Lake site in McKinley County, New Mexico. It 
also serves to document the concurrence of both the State of New Hexico 
and the U.S, Nuclear Regulatory Commission (NRC) in the remedial action. 
This agreement, upon execution by the DOE and the state and concurrence 
by NRC, becomes Appendix B of the Cooperative Agreement, 

1.2 RESPONSIBILITIES 

In 1978, Congress passed Public Law 95-604 (PL95-604), the Uranium 
Hill Tailings Radiation Control Act (UMTRCA) of 1978, expressly finding 
"that uranium mill tailings located at active and inactive mill 
operations may pose a potential and significant radiation health hazard 
to the public . . . ." Title I to the UMTRCA identified sites to be 
designated for remedial action. On November 9, 1979, Ambrosia Lake was 
designated as one of those sites. 

The UMTRCA charged the U.S. Environmental Protection Agency (EPA) with 
the responsibility for promulgating remedial action standards for 
inactive mill sites. The purpose of the standards is to protect public 
health and safety and the environment from radiological and 
nonradiological hazards associated with radioactive materials at the 
inactive sites. The final EPA standards were promulgated January 5, 1983 
(48 FR 590), with an effective date of March 7, 1983. 

The DOE has been commissioned to select and execute a plan of remedial 
action that will satisfy the EPA standards and other applicable Federal 
and state laws. On September 11, 1985, the DOE and the State of New 
Mexico entered into a cooperative agreement for remedial action at the 
Ambrosia Lake site. The Federal government will fund 90 percent and the 
state will fund 10 percent of allowable costs. 

All remedial actions must be selected and performed with the 
concurrence of the NRC. In conformance with UMTRCA, the required NRC 
concurrence with the selection and performance of proposed remedial 
actions, and the licensing of long-term surveillance and maintenance of 
disposal sites, will be to ensure compliance with the standards 
established by the EPA, The RAP constitutes the Initial document in the 
licensing process. A more detailed listing of the responsibilities of 
the project participants Is included in Section 6,0 of this report. 
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1.3 SCOPE AND CONTENT 

This document has been structured to provide a comprehensive under
standing of the remedial action proposed for the Ambrosia Lake site. It 
includes both criteria and the detailed construction design for the 
remedial action. An extensive amount of data and supporting information 
has been generated for this RAP, Pertinent information and data are 
included in the RAP with references given to the numerous supporting 
documents. 

Attached as part of the RAP are appendices which describe in more 
detail various important aspects of the remedial action. 

Appendix A, Regulatory Compliance, describes in detail the permits 
necessary for the remedial action and the process for mitigating impacts 
to archaeological resources. 

Appendix B, Engineering Design, consists of the final design 
specifications and drawings. 

Appendix C, Radiological Support Plan, describes the procedures used 
to characterize the existing radiological conditions at the site, and the 
procedures to be used to control and verify the results of remedial 
action. 

Appendix D, Site Characterization, describes site geological, 
geotechnical, hydrological, meteorological, and seismic conditions which 
affect the design. 

Appendix E, Groundwater Protection Strategy, contains the approach 
and technical discussion of how the stabilized tailings will comply with 
the EPA groundwater protection standards. The supplemental standards 
demonstration is included as Attachment A to Appendix E. 

Appendix F, Subcontract Documents, contains the final design 
specifications and drawings. 

1.4 COLLATERAL DOCUMENTS 

A collateral document for this site is the Environmental Assessment 
(EA) (DOE, 1987), which contains many of the existing site conditions, 
the proposed action and alternatives, and the environmental impacts of 
the proposed action. 

The Uranium Mill Tailings Remedial Action (UMTRA) Project staff has 
prepared the Technical Approach Document (DOE, 1989) which addresses 
general Project guidelines on the operating procedures, specifications, 
calculations, schedule and cost estimates, and design constraints to be 
incorporated in the final design documents. This general guidance, in 
conjunction with the RAP, serves as the basis or guideline for prepara
tion of the final design documentation for the UMTRA Project sites. It 
is further intended to provide sufficient criteria for the reader to 
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understand the constraints, procedures, codes, and standards to be used 
during the design and performance of the remedial actions at the UMTRA 
Project sites. 

Copies of all referenced documents, supporting data, calculations, 
and design drawings are on file in the U.S. Department of Energy UMTRA 
Project Office in Albuquerque, New Mexico. 
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2.0 EPA STANDARDS 

2.1 GENERAL 

The requirements and considerations for long-term isolation and 
stabilization of tailings, radon control, cleanup of land and buildings, 
and protection of water quality have been published in the "Plan for 
Implementing EPA Standards for UMTRA Sites" (DOE, 1984). That document 
was used as a guide in the development of this RAP. The following 
discussion has been extracted from the above-referenced document. 

Pursuant to the requirements of the UMTRCA, the EPA promulgated 
health and environmental standards to govern cleanup, stabilization, and 
control of residual radioactive materials at inactive uranium mill 
tailings sites. The promulgated standards establish requirements for 
long-term stability and radiation protection and provide procedures for 
ensuring the protection of groundwater quality. 

In developing the standards, the EPA determined "that a primary 
objective for control of tailings should be isolation and stabilization 
to prevent their misuse by man and dispersal by natural forces such as 
wind, rain, and flood waters" and that "a second objective should be to 
reduce radon emissions from tailings piles." A third objective should be 
"the elimination of significant exposure to gamma radiation from tailings 
piles" (from 48 FR 594, preamble to Standards for Remedial Action at 
inactive Uranium Processing Sites, 40 CFR 192.) These objections were 
based on a determination that the most significant public health risks 
associated with inactive tailings were posed by exposure to people living 
and working in structures contaminated by relocated tailings. The EPA 
further concluded that the potential for groundwater and surface-water 
contamination should be evaluated on a site-specific basis. 

On September 3, 1985, the U.S. Tenth Circuit Court of Appeals 
remanded the groundwater standards, 40 CFR 192.2(a)(2)-(3). The EPA 
issued proposed groundwater protection standards for comment on September 
24, 1987. Section 2.4, Water-Quality Protection, discusses the DOE plan 
for implementing the proposed standards until final standards are issued. 

The EPA standards are discussed in the following paragraphs and are 
summarized in Table 2.1. 

2.2 LONG-TERM STABILITY 

Isolation and stabilization of tailings in order to prevent misuse 
by man and dispersion by natural forces is the primary objective of the 
EPA Standards. Accordingly, long-term stability was emphasized in the 
development and promulgation of the standards. This is consistent with 
the guidance provided by the legislative history of the UMTRCA, which 
stresses the importance of avoiding remedial actions which would be 
effective for only a short period of time and which would require future 
Congressional consideration. 
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PART 19J - HEALTH AÎO ENVIRONMENTAL PROTECTION STANDARDS FOR URANlUK KILL TAILINGS 

SUBPART A . SUnda'ds for the Control of Rcs'dusl Radioactive Materials from Inactive Processing Sites 

19Z.0? Standards 

Control Shall be designed to : 

(a) Be ef fect ive for up to one thousand years, to the extent reasonaoly achievable, and, in 
any case, for at least 200 years, and, 

(B) Provide reasonable assurance that releases of radon-222 from residual radioactive 
material to the atmosphere w i l l no l : 

(1) Exceed an average release rate of 20 picocuries per square meter per second, or 
(2) Increase the annual average concentration of radon-222 in a i r at or above any 

location outside the disposal s i te by more than one-half picocurie per l i t e r . 

SUBPART 3 - Standards for Cleanup of Land and Buildings Contaminated " i t h Residual Radioactive Materials 
from Inactive Uranium Processing Sites 

192.12 Standards 

Remedial actions shall be conducted so as to provide reasonable assurance that, as a result 
of residual radioactive materials from any designated processing site: 

(a) The concentration of radium-226 in land averaged over any area of 100 square meters 
shall not exceed the background level by more than -

(1) 5 pCi/g, averaged over the first 15 cm of soil belox the surface, and 
(2) 15 pCi/g, averaged over 15 cm thick layers of soil more than 15 cm belo* the 

Surface. 

(b) In any occupied or habitable building . 

(1) The objective of remedial action shall be, and reasonable effort snail be made to 
achieve, an annual average (or equivalent) radon decay product concentration 
(including background) not to exceed 0.C2 WL. In any case, the radon decay product 
concentration (including background) shall not exceed 0.03 WL, and 

(2) The level of gamma radiation shall not exceed the background level by more than 20 
microroentgens per hour. 

SUBPART C - Implementation (condensed) 

192.20 Guidance for Implementation 

Remedial action w i l l be performed with the 'concurrence of the Nuclear Regulatory Commission 
and the f u l l par t ic ipat ion of any state that pays part of the cost" and in consultation as 
appropriate with other government agencies. 

192.21 Cr i ter ia for Applying Supplemental Standards 

The implementing agencies may apply standards in l ieu of the standards of Subparts A or B i f 
certain circumstances ex i s t , as defined in 192.21. 

192.22 Supplemental Standards 

"Federal agencies implementing Subparts A and B may in lieu thereof proceed pursuant to this 
section with respect to generic or individual situations meeting the eligibility requirements 
of 192.21." 

(a) ". . .the implementing agencies shall select and perform remedial actions that come as 
close to meeting the otherwise applicable standards as is reasonable under the 
circumstances." 

(b) ". . .remedial actions shall, in addition to satisfying the standards of Subparts A and 
B, reduce other residual radioactivity to levels that are as low as is reasonably 
achievable." 

(c) "The implementing agencies may make general determinations concerning remedial actions 
under this Section that will apply to all locations with specified characteristics, or 
they may make a determination for a specific location. When remedial actions are 
proposed under this Section for a specific location, the Department of Energy shall 
inform any private Owners and occupants of the affected location and solicit their 
comments. The Department of Energy shall provide any such comments to the other 
implementing agencies [and] shall also periodically inform the Environmental Protection 
Agency of both general and individual determinations under the provisions of this 
section." 

Ref: Federal Register, Volume 43, No. 3, January 5, 1983. *0 CFR Part 192. 

TABLE 2.1 EPA STANDARDS 
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The EPA standard-setting process distinguished "passive controls," 
such as thick earthen covers, below-ground disposal, rock covers, and 
massive earth and rock dikes, from "active controls," such as semi
permanent covers, fences, warning signs, and restrictions on land use. 
Active controls could be expected to need frequent replacement or other 
major repairs requiring the ongoing appropriation and expenditure of 
public funds. In setting the standards, the EPA called for designs which 
rely primarily on passive controls. 

The EPA performance standard is framed as a longevity requirement 
that recognizes the difficulty in predicting very long-term performance 
with a very high degree of confidence. In establishing the longevity 
requirement, the EPA concluded that existing knowledge permits the design 
of control systems that have a good expectation of lasting at least 1000 
years. Therefore, a design objective of 1000 years was established to be 
satisfied whenever reasonably achievable, but in any case a minimum 
performance period of 200 years must be achieved. 

The standard recognizes the need for institutional controls such as 
custodial maintenance, monitoring, and contingency response measures. In 
the preamble to the standards, the EPA calls for such controls to be 
provided as an essential backup to the primary, passive controls. 

2.3 RADON EMISSIONS CONTROL 

The EPA identified a reduction of radon emissions from tailings 
piles as the second objective in its standards for the control of 
tailings. In developing the standards, it considered several alternative 
approaches and selected an emission limitation as the primary form of the 
standard. In addition, it established a concentration limit as an 
alternative form of the standard for use in cases where the DOE 
determines that the alternative was appropriate. 

In establishing the emission limitation for tailings piles, the EPA 
sought to reduce both the maximum risk to individuals living very near 
to the sites and the risk to the population as a whole. With regard to 
individuals very near to disposal sites, the EPA estimates that exposure 
to radon emissions will be reduced by more than 96 percent. The radon 
standard of 20 picocuries per square meter per second (pCi/m^s) on the 
disposal site or 0.5 picocuries per liter (pCi/1) outside the disposal 
site will limit the increase in radon concentration attributable to a 
pile to a small increase above the background radon level near the 
disposal site. Both standards are design standards with compliance to be 
determined on the basis of predicted rather than measured emission rates 
and concentrations. The EPA states that "post-remediation monitoring 
will not be required to show compliance, but may serve a useful role in 
determining whether the anticipated performance of the control system is 
achieved" (from 48 CFR 601, preamble to Standards for Remedial Actions at 
Inactive Uranium Processing Sites, 40 CFR 192). In establishing the 
radon standard, the EPA determined that the emission limitation could be 
achieved by well-designed thick earthen covers and that such control 
techniques would fae compatible with the requirements of the EPA longevity 
standard. 
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2.4 WATER-QUALITY PROTECTION 

The EPA reviewed available water-quality data from inactive tailings 
sites and determined that there was little evidence of recent movement of 
contaminants into groundwater. They also determined that any degradation 
of groundwater quality should be evaluated in the context of potential 
beneficial uses of the groundwater as determined by background water 
quality and the available quantity of groundwater. 

Rather than establish specific numerical limitations for contaminant 
discharges o r groundwater quality, the EPA determined that the roost 
appropriate course of action would be to require site-specific analyses 
of potential future contaminant discharge and a case-by-case evaluation 
of the significance of such a discharge. The implementation guidelines 
for the EPA standards call for adequate hydrological surveys at each site 
to be a basis for determining whether specific water-protection measures 
should be applied. 

Specific site assessments must include monitoring programs suffi
cient to establish background groundwater quality through one or more 
upgradient wells and to identify the present movement and extent of con
taminant plumes associated with the tailings piles. The water protection 
standards further call for judgments of the need for restoration or 
prevention, or both, to be guided by the EPA's hazardous waste management 
system and relevant state and Federal water-quality criteria. Decisions 
on specific actions to protect or restore water quality are to be guided 
by such factors as the technical feasibility of improving the aquifer, 
the cost of applicable restorative or protective programs, the present 
and future value of the aquifer as a water source, the availability of 
alternative water supplies, and the degree to which human exposure is 
likely to occur. 

The UMTRCA (PL95-604, Section 206) requires that the standards 
promulgated by the EPA "to the maximum extent practicable, be consis
tent with the requirements of the Solid Waste Disposal Act, as amended." 
In setting the standard, the EPA determined that the statutory 
requirement for the NRC to concur with the selection and performance of 
remedial actions and to issue licenses encompassing "monitoring, 
maintenance, or emergency measures necessary to protect public health and 
safety" was consistent with the EPA regulations implementing the Solid 
Waste Disposal Act (47 CFR 32274, July 26, 1982). Accordingly, the EPA 
established implementation procedures requiring case-by-case evaluations 
of potential contamination at sites. Decisions regarding monitoring or 
remedial actions will be guided by relevant considerations of the 
hazardous waste management systems. 

As mentioned in Section 2.1, the EPA issued proposed groundwater 
protection standards for comment on September 24, 1987. Prior to 
promulgation of the final standards, the OOE intends to implement the 
provisions of Subpart A and C of the proposed standards to the extent 
reasonably achievable within the UMTRA Project regulatory framework. 
When the final EPA standards are promulgated, the DOE will re-evaluate 
its groundwater protection plan and undertake such action as is necessary 
to ensure that the revised standards a re met. The need for and extent of 
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aquifer restoration will be evaluated in a separate decision-making 
process under the National Environmental Policy Act. 

In response to the Court's remand of the original standards, the 
newly proposed EPA groundwater standards involve: 

0 Protection of human health, safety, and the environment. 

0 Consideration of radiological and nonradiological hazards. 

o Consistency with the requirements of the Resource Conservation 
and Recovery Act (RCRA), as amended. 

0 General standards applicable to all UHTRA Project sites (i.e., 
not site-specific as was the case for the remanded standards). 

These items are discussed below. 

Subpart A (40 CFR 192.01-192,02) consists of the requirements for 
control of potential contaminant releases to the groundwater at disposal 
sites. It incorporates the following: 

o A list of hazardous constituents. 

0 Haximum concentration limits (HCLs), background limits, or 
alternate concentration limits (ACLs), The establishment of ACLs 
must be concurred in by the NRC, be as low as reasonably 
achievable, and satisfy the water-quality protection 
considerations, 

0 Point of compliance at the downgradient vertical plane of the 
disposal facility. 

0 A liner or equivalent beneath the disposal site if the tailings 
contain excess water. 

0 Honitoring during a post-remedial action period to verify design 
performance. 

0 Corrective action to be initiated within 18 months after monitor
ing indicates or projects an exceedance of the applicable concen
tration limits. 

Subpart B (40 CFR 192.11-192.12) lists the standards applicable for 
remediating contaminated groundwater. It incorporates: 

0 Cleanup of the listed groundwater constituents to levels 
specified in Subpart A. 

0 Extension of the remedial period to allow for natural flushing if: 

- The groundwater is not, and is not projected to be, a public 
drinking water source, and 
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- Institutional controls will effectively protect health and 
satisfy other beneficial uses, and 

- Concentration limits (40 CFR 264.94) will be met in less than 
100 years. 

Subpart C (40 CFR 192.20-192.22) addresses supplemental standards 
applicable to Subparts A and B. The supplemental standards provide for 
alternative actions that come as "close to meeting the otherwise 
applicable standards as is reasonably achievable." The NRC must concur 
in the application of supplemental standards. The supplemental standards 
may be applied if protection of human health and the environment is 
assured (40 CFR 192.22(d)) and: 

0 Remedial actions pose a clear and present threat to workers or 
the public (192.21(a)). 

0 The proposed action would cause more environmental harm than it 
would prevent (40 CFR 192.21(b)), or 

0 Restoration is technically impracticable from an engineering 
perspective (40 CFR 192.21(f)), or 

0 The groundwater is Class III (limited use) (40 CFR 192.21(g)). 

0 There is no known remedial action (192.21(e)). 

2.5 CLEANUP OF LANDS AND BUILDINGS 

The EPA evaluated the risk associated with the dispersion of 
tailings off the site and concluded that the principal risk to man was 
the exposure to radon daughter products inside buildings. The EPA 
therefore stated that the objective of the cleanup of tailings from 
around existing structures was to achieve an indoor radon daughter 
concentration (RDC) of less than 0.02 working level (WL). For open 
lands, the purpose of removing the contamination is to remove the 
potential for excessive indoor radon daughter concentrations that might 
arise from new construction on contaminated land. The five picocuries 
per gram (pCi/g) and 15 pCi/g radium-226 concentration limits for 
15-centimeter surface and subsurface layers, respectfully, were 
considered adequate to limit indoor RDCs to below 0.02 WL. A secondary 
concern was to limit exposure to people from gamma radiation. 

The standard requires that residual radioactive materials be removed 
from buildings exceeding 0.03 WL. Measures such as sealants, filtra
tion devices, or ventilation devices may be used to provide reasonable 
assurance of reductions to below 0.02 WL. 
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9 3.0 SITE CHARACTERIZATION 

Site characterization describes the present condition of the Ambrosia 
Lake processing site. Appendix D, Site Characterization, contains additional 
supporting information. 

3.1 LOCATION 

The 
as the 
Mexico. 
3.1). 

inactive Phillips/United Nuclear mill and tailings pile, known 
Ambrosia Lake site, is in McKinley County in northwest New 
The site is 25 road miles north of Grants, New Mexico (Figure 

3.2 HISTORY 

_Cons±cucl«d—in—1-95J-,—the—Eh-iJJ-ips__MJ_lJ was operated by Phillips 
Petroleiim-ComDajiv—fxom_J-un,e_1958 until Harch 1963. Three million tons of 
u ra n i um-„or,e,_a v.ecag j,ng_-0.,.23_perc-e.nt_-U can J-Uro_Qxi_d-e-.__wg_re. proc es sed during 
the fJ-ve-yea.c._opera.tJ.ona.l--.p.erJ.o.d,joi._..th.e„.mjll_(FBDU Three million 
tons^ of tailings were produced during the milling operation. An ost-v-
maf ed'"396 f OOP "tons of tailings were removed' frorn^BeJTfe and used as 
amdej:g.co^nd_mlafi__LLrr Fo^TTowIng purcnase oy united Nliĉ lear Corporation, 
all mining and milling operations were scaled back and milling ceased in 
April 1963. 

All the ore came from nearby mines. Uranium extraction was accom
plished at the Phillips Mill using alkaline pressure leach technology 
(NMEMD, 1979). Portions of the mill were used as a resin ion exchange 
facility by United Nuclear until late 1982, when all local operations 
ceased. 

3.3 PHYSICAL DESCRIPTION 

The site covers 195,6 acres, including the Ill-acre tailings pile 
which contains 2,659.000 cubic yards of tailings. The base 

tailings 
of the 
pile is tailings pile is almost square; the surface of the 

concave, A perimeter fence has been erected around the tailings pile and 
windblown area. There are 1,100.000 cubic yards of soil contaminated by 
•Windblown 
presented 
Data, 

material, Details of the extent of windblown contamination are 
in Appendix D, Site Characterization, Section 0,3, Radiation 

The mill buildings have been demolished and the rubble has been 
separated into two piles. The contaminated 
disposal cell during the main construction phase. The 

rubble will be placed 
less 

in the 
contaminated" 

rubble will be placed in a separate trench to be excavated northeast of 
the tailings disposal cell 

• 
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The site is in a valley within the Ambrosia Lake portion of the 
Grants mineral belt, a major uranium production region. This valley is 
drained by the Arroyo del Puerto, an ephemeral stream that derives most 
of its flow from mine-water and mill-water discharge treated elsewhere. 

3.4 RADIATION 

Radioactive elements occur naturally throughout the earth's air, 
water, and soil. The concentration of these elements varies greatly 
throughout the United States. Baseline radioactivity levels in soils 
typical of the Ambrosia Lake area and not influenced by the tailings pile 
have been established as 1.2 + 0.7 pCi/g for radium-226 (Ra-226) (BFEC, 
1985). Background concentrations of Ra-226 in soils from areas not 
Influenced by uranium mining and milling averaged 0.57 + 0.08 pCi/g for 
Ra-226 (NHEID, 1985). 

The average background gamma radiation exposure rate in the Ambrosia 
Lake region from both terrestrial and cosmic sources, measured at three 
feet above the ground, is 15.2 microroentgens per hour (microR/hr) with a 
range of 12.6 to 16,5 microR/hr (BFEC, 1985). 

No background radon measurements reflecting current conditions in 
the vicinity of the Ambrosia Lake designated site are available. However, 
24-hour baseline measurements at three locations (0.5 and 0,75 mile north 
of the tailings pile, and one mile northwest) taken in 1976 averaged 
4,3 pCi/1 with a range of three to five pCi/1 (FBDU, 1981), Natural back
ground radon concentrations in undisturbed areas with similar geologic 
settings as Ambrosia Lake have been measured by several investigations 
and averaged 0,19 +0,02 pC1/l (NHEID, 1985; Millard and Baggett, 1984). 

Soil samples from 106 drill holes on the tailings pile were analyzed 
by gamma spectroscopy, and computer modeling was used to determine the 
contaminant distribution and the average Ra-226 concentration of the 
pile. The resulting average Ra-226 concentration of the tailings was 
571 pCi/g (BFEC, 1985). The maximum Ra-226 concentration was 1807 pCi/g. 

The soil beneath the tailings pile exceeded the EPA standard of 
15 pCi/g Ra-226 to an average depth of approximately 4.75 feet. 

Using Schiager's estimate (Schiager, 1974) of 2.5 (microR/hr)/ 
(pCi/g), and the average tailings pile Ra-226 concentration of 571 pCi/g, 
the gamma exposure rate for the pile would be 1428 microR/hr. Based on 
an aerial survey, exposure rates ranged from 350 to 1500 microR/hr (EG&G, 
1981). 

The radon flux source term from the tailings pile was calculated 
using the RAECOM model (NRC, 1984), resulting in an estimated annual 
average radon flux of 556 pCi/m^s under existing conditions. 

Field data (Haywood et al., 1980; BFEC, 1985) indicate that exten
sive transport of gamma-emitting contamination by wind or water erosion 
has occurred into the area surrounding the tailings pile. Contamination 
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o sources include residual ores and wastes from mining, and ponded slimes 
from mine dewatering. Analysis of the Ra-226/uraniumT238 ratio in soil 
samples was used to delineate areas contaminated by ore from areas 
contaminated by windblown tailings. Five-hundred and seventy acres 
contaminated by windblown tailings and ore stock piles will require 
remedial action. Concentrations of Ra-226 ranged from five pCi/g to 
4058 pCi/g. 

3.5 GEOLOGY, GEOMORPHOLOGY, AND SEISMICITY 

3.5.1 Introduction 

Geologic, geomorphic, and seismic investigations were con
ducted in the area and region of the Ambrosia Lake site. Detailed 
findings of the studies are presented in Section D,4, Appendix D, 
Site Characterization. Geologic hazards with the potential to 
affect long-term pile stability have been identified and evaluated 
during UMTRA Project geologic investigations. 

The investigations performed for the Ambrosia Lake designated 
site included: 

0 Compilation and analysis of previous geologic work. 

0 Review of earthquake data using the National Geophysical 
Data Center (NGDC) earthquake listing and other seismic 
net catalogs. 

0 Analysis of site-specific UMTRA Project geologic data. 

o Evaluation of existing remote sensing imagery. 

0 Low-sun-angle aerial reconnaissance. 

0 Ground reconnaissance and mapping. 

3.5.2 Geologic setting 

The Ambrosia Lake site is in northwestern New Hexico, within 
the Navajo section of the Colorado Plateau physiographic province 
(Figure 3.2). Terrain in this section of the plateau is generally 
moderate to low relief, and is composed primarily of flat-topped, 
gently sloping cuestas, broad steep-scarped mesas, low-gradient 
pediment and fan surfaces, deeply incised canyons and arroyos, and 
strike valleys. The Ht. Taylor volcanic complex dominates the 
physiography within the 40-mile (65-k1lometer) study region, 
rising to more than 4000 feet above surrounding the topography. 
Vast basalt flows and cinder cone fields cover large areas west 
and south of the Ambrosia Lake site. 

Cenozoic tectonic and erosional processes have exposed rocks 
of Precambrian through Late Quaternary age in the study region 
(Figure 3.3). With the exception of Quaternary basalt flows. 
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LEGEND 

Qb 

QUATERNARY (undivided): Fluvial sediments of gravel, sand and 

clay; alluvial fan deposits; colluvium, soils, landslides. 

Locally Includes units mapped as Pliocene-Pleistocene. 

QUATERNARY MAFIC VOLCANIC ROCKS ( < 1.8 m.y.): Tholeiite, 

basanite, alkali olivine basalt, and related alkalic basaltic 

rocks. 

Kdm LOWER TO UPPER CRETACEOUS: Undifferentiated Mancos Shale and 

Dakota Sandstone in northwestern New Mexico. 

Kd LOWER TO UPPER CRETACEOUS: Dakota Sandstone. 

Jm UPPER JURASSIC: Sandstone, mudstone, conglomerate, with nodular 

chert. Morrison Formation. 

Tpb PLIOCENE MAFIC VOLCANIC ROCKS (1.8 - 5.0 m.y.): Tholeiite. alkali jsr 

olivine basalt, basanite, and related alkalic basaltic rocks. 

Tps PLIOCENE INTERMEDIATE AND SILICIC VOLCANIC ROCKS (l.B - B.O 

m.y.): Basaltic andesite, alkali andesite, quartz latite, dacite. Tr 

rhyolite, trachyte. 

Kl UPPER CRETACEOUS: Shale, with minor sandstone and siltstone. p 

Lewis Shale in northwestern New Mexico. 

Kmv UPPER CRETACEOUS: Sandstone, shale, carbonaceous shale, and coal. 

Mesa Verde Group (Menefee Formation, Gallup Sandstone, Crevasse p£ 

Canyon Formation. Point Lookout Sandstone). 

Km UPPER CRETACEOUS: Shale with minor sandstone and limestone. 

Mancos Shale. 

MIDDLE JURASSIC: Limestone, shale, bituminous shale, mudstone and 

limestone. San Raphael Group (Bluff Formation, Sumnerville 

Formation, Todilto Formation, Entrada Sandstone. 

TRIASSIC: Shale, siltstone, sandstone, conglomerate, limestone. 

Wingate Formation. Chinle Formation. 

PERMIAN: Sandstone. siltstone, shale, limestone, gypsum, 

conglomeratic sandstone, orthoquartiitic sandstone. Glorieta 

Formation. San Andres Limestone. 

PRECAMBRIAN: Phyllite, quartz schist, metaquartzite, gneiss, 

granite, and metavolcanic rocks. In central New Mexico also 

olivine gabbro, amphibolite, and granite pegmatite. 

FIGURE 3.3 (CONCLUDED) 
BEDROCK GEOLOGY OF THE AMBROSIA LAKE STUDY REGION 



• 
Precambrian igneous and Paleozoic sedimentary units crop out south 
of the tailings site in the vicinity of the Zuni Uplift. Progres
sively younger strata are exposed in the central and northern 
portions of the study area, terminating with deltaic deposits of 
the upper Cretaceous Fruitland Formation. Extrusive volcanic 
rocks of primarily Miocene and Pliocene age constitute the Mt. 
Taylor and Mesa Chivato physiographic features east and northeast 
of the existing tailings pile. 

The Ambrosia Lake site lies in a northwest-trending strike 
valley cut into the upper Cretaceous Hancos Shale. Approximately 
3000 feet (1000 meters) of Permian to Cretaceous age clastic 
sedimentary strata underlie the site (Figure 3.4). The sedimentary 
section dips northeastward at two degrees, and forms a regional 
homocline of the southern San Juan Basin referred to as the Chaco 
Slope. 

Wind erosion and dispersion of the mill tailings over the 
past 22 years has resulted in the formation of dunes immediately 
east of the existing pile. Numerous locations in the Ambrosia 
Lake area contain localized dune fields and reflect the signifi
cance of eolian activity. The embankment design contains 
protective layers of earthen and rock material that will prevent 
future wind erosion of tailings. Pile armoring and other design 
features are discussed in Section 4.0, Site Design. 

Gullying processes are active throughout the upland sideslope 
areas of the Ambrosia Lake valley. However, gullying does not 
have the potential to affect the tailings embankment within 
the proposed 1000-year design life due to the design and location 
of the stabilized pile. Established drainages north, south, and 
east of the site exhibit no evidence of active lateral erosion or 
headcutting. 

As discussed in Section 4.0, tectonic faults are abundant in 
the study region and reflect multiple episodes of deformation. 
Host of the structures are of Laramide age, exhibiting north and 
northeast trends. Displacement is most commonly down to the 
east and on the order of a few tens of feet. In addition to the 
regional uplifts and monoclinal elements forming the southern 
margin of the San Juan Basin, numerous small-scale domes, anti
clines, and synclines locally deform the otherwise uniform regional 
bedding orientation. Vertical displacement of the Laramide age 
local structures is generally less than 500 feet. 

Unconsolidated alluvial and eolian deposits of late Quaternary 
age mantle extensive low-lying portions of the study region and 
site vicinity (Figure 3,5), Within the Ambrosia Lake valley, 
thicknesses of alluvium exceed 100 feet near Arroyo del Puerto, 
which is one mile southwest of the site. Valley sideslope alluvial 
sediments in the immediate site vicinity range in depth from five 
to 55 feet. 
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FIGURE 3.5 
SURFICIAL GEOLOGIC MAP OF THE AMBROSIA LAKE SITE VICINITY 

(MODIFIED FROM SANTOS AND THADEN, 1966) 

I 



3.5.3 Geomorphology 

Geomorphic processes operating in the study region were 
identified primarily through an analysis of regional and local 
landforms. A subsequent evaluation of active geomorphic processes 
modifying the present-day landscape was conducted. 

The current geomorphic regime in the Ambrosia Lake region is 
dominated by fluvial and eolian erosion processes. Present geo
morphic conditions have persisted in the area for the past few 
thousand years and are not expected to change significantly during 
the 1000-year embankment design life. The proposed stabilized 
pile has been designed to preclude future disturbance of tailings 
by fluvial geomorphic processes, including flooding and on-pile 
rill and gully development. 

Hass wasting and natural slope failure processes are not 
active in the vicinity of the Ambrosia Lake site. Potential 
geomorphic processes which have been eliminated as hazards with 
respect to long-term pile integrity are: 

0 Landslides. 
0 Debris flows. 
0 Mudflows. 
0 Rock falls. 
0 Soil creep. 

Mining-induced surface subsidence has occurred at several 
locations in the Ambrosia Lake valley. The failure of strata 
overlying mine voids in adjacent Section 27 has resulted in the 
formation of an elliptical depression 800 feet west of the edge of 
the existing tailings pile. Mining passages that are present 
beneath the southwestern edge of the tailings pile are of 
considerably smaller dimension and reflect a different mining 
method than those causing the Ambrosia Lake subsidence zones. 
Engineering and geologic analyses presented in Section D.4,5,4 of 
Appendix D, Site Characterization, and in calculations supporting 
Appendix B, Engineering Design, conclude that a collapse of the 
strata overlying these voids would not jeopardize the integrity of 
the stabilized embankment. 

3.5,4 Seismicity 

An area within a 120-mile (200-kilometer) radius of the 
Ambrosia Lake site was examined during the seismic investigation. 
The seismotectonic setting of the study region includes portions 
of the Colorado Plateau, Basin and Range, Rio Grande Rift, Western 
Mountains, and Great Plains seismotectonic provinces. 

The Colorado Plateau province, which contains the designated 
site (Figure 3.6). consists of a stable interior flanked on the 
western, southern, and eastern sides by tectonic transition zones. 
In comparison to the stable interior, the transition zones exhibit 
elevated levels of seismic activity and contain structures that 
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reflect the stress fields dominating adjacent provinces. The 
Ambrosia Lake study region constitutes a portion of the transition 
zone that separates the Colorado Plateau interior and the Rio 
Grande Rift. 

The largest historical earthquake in the 120-mile study 
radius occurred in 1906, 105 miles (165 kilometers) southeast of 
the existing tailings pile in the Rio Grande Rift. Intensity 
effects indicate that the event had a 6.3 Richter magnitude. 
Smaller shocks of 4.6 and 4.2 local magnitude occurred in 1976 and 
1977 near Crownpoint, New Mexico, 36 miles (58 kilometers) and 34 
miles (54 kilometers) northwest of the site, respectively. The 
vast majority of the seismic events recorded in the study region 
are epicentered in the Mt, Taylor and Mesa Chivato volcanic 
complex. No relationship can be drawn between the dominantly 
microseismic data and known tectonic faults in the volcanic 
complex. 

The Ambrosia Lake seismic study in each of the pertinent 
seismotectonic provinces included: 

0 An evaluation of major fault systems and known capable 
or potentially capable structures which could possibly 
Influence pile design. 

0 An analysis of on-site acceleration effects due to the 
Haximum Credible Earthquake value as obtained from 
published seismic studies. The event was assumed to occur 
at the closest approach of a province to the site. 

0 An examination of the seismic character of the site 
through the review and interpretation of historical 
earthquake records and journal articles related to 
provincial seismicity. 

Structures capable of producing large magnitude earthquakes 
exist in seismotectonic provinces bordering the Colorado Plateau. 
Predicted on-site accelerations resulting from the occurrence 
of large earthquakes in adjacent provinces will not affect the 
stabilized pile. 

No late Quaternary deposits in the area of investigation are 
tectonlcally offset; hence, It Is concluded that all faults in the 
40-mne radius surrounding the site are noncapable as defined in 
10 CFR 100. The lack of capable structures in the study area 
requires that a floating earthquake be used to establish seismic 
design parameters for the proposed embankment. Such an event is 
independent of known tectonic structure and could occur anywhere 
within the Colorado Plateau seismotectonic province. A review of 
historical Colorado Plateau seismicity and of documented ground 
breakage associated with large magnitude earthquakes in the 
western United States prompted the specification of 6.2 local 
magnitude for the plateau floating earthquake. The epicenter of 
the floating earthquake is assumed to occur at a nine-mile 
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(15-kilometer) distance from the site. The on-site, nonamplified, 
free-field Peak Horizontal Acceleration resulting from this event 
is 0.21g. Focal plane solutions for events in the Ambrosia Lake 
region suggest that the source mechanism for the design earthquake 
would be controlled by the prevailing northeast-southwest directed 
extensional stress field. 

There is no potential for fault rupture at or near the 
Ambrosia Lake site based on intense geologic field studies 
conducted in the area. The tectonically induced collapse of mine 
workings is a remote possibility; however, its occurrence would 
not threaten the structural integrity of the tailings embankment 
(Section D.4.5.4 of Appendix D, Site Characterization). 

3.5.5 Volcanism 

Extrusive volcanic rocks constitute a significant portion of 
the southern and eastern study area bedrock exposures (Figure 
3.3). The potential for eruptions and surface flows northeast, 
east, and south of the site vicinity is high as evidenced by 
recurrent late Cenozoic volcanism in the Ht. Taylor volcanic 
field. The youngest basalt flows in the study region are between 
800 and 1200 years old. Surface flows emanating from the Mt. 
Taylor area would need to greatly exceed the physical proportions 
of typical Quaternary flows in the study region in order to 
jeopardize the structural integrity of the proposed embankment. 
Ash falls resulting from the occurrence of explosive volcanism 
within the Ht, Taylor volcanic complex would not impact site 
stability. 

3.5.6 Mineral resources 

Low-grade uranium, vanadium, and molybdenum ores exist in 
strata underlying the site vicinity. Extraction of these reserves 
is presently uneconomical except by mine water recovery. With the 
exception of minor quantities of sand and gravel building 
aggregates and mine water recovery of uranium, there are no 
recoverable metallic or nonmetallic resources in the Ambrosia Lake 
area. Continued strip mining of coal reserves north of the site 
area will not impact pile stability because of the distance 
involved. Resource exploitation beneath the disposal site will be 
prohibited to ensure the long-term integrity of the tailings 
embankment. 

3.6 GEOTECHNICAL 

The definition of geotechnical conditions at the processing site 
included the following work: 

0 Definition of stratigraphy within the pile and foundations. 
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0 Development of design parameters for both in situ and remolded 
borrow materials. 

0 Completion of field and laboratory tests. 

The site and surrounding soils were characterized by drilling 
281 borings, drilling 126i_piezocone holes, and digging 25 test pits. 
Figures 3.7 through 3.11 show the locations of the boreholes, piezocone 
soundings, on-pile hydrological borings, and test pits that were sampled 
for geotechnical purposes. Of the 281 borings, 209 were made during 
previous studies. (MSRD, 1982; FBDU, 1981.) (Figure 3.7.) Bendix 
(BFEC, 1985) drilled and geophysically logged 43 holes to determine the 
depths of subsurface contamination. During 1985, DOE contractors drilled 
and logged 72 boreholes and pushed 126 piezocone-sounding holes on the 
pile, drilled 26 holes off the pile for monitor wells, and dug test pits 
in the radon/infiltration barrier borrow area. The lithology logs for 
the various characterization efforts were presented in Addendum D3 of 
Appendix D, Site Characterization in the May 1987 Preliminary Field RAP. 
These data have not been reproduced in this issue of the RAP. 

3.6.1 Foundation soils 

The soils underlying the site generally consist of alluvium 
and weathered Mancos Shale as shown in Figures 3.12 through 3.15. 
These figures show the cross sections and general zones for the 
different material types as represented in the actual pile. In 
order to see some of the small layers in the embankment, an 
exaggerated vertical scale was used in the cross sections. Figure 
3,16 shows the structural contour map for the top of bedrock under 
the tailings embankment. The data used to construct the cross 
sections and structural contour maps come from piezocone 
soundings, geotechnical borings, and logs from the hydrologic 
monitor wells. The bedrock elevations shown on the cross sections 
are based on the bedrock contour map. The alluvium is generally 
thickest on the western portion of the pile, while the weathered 
Hancos Shale is thickest under the eastern portion of the pile. 
The alluvium consists of clayey or silty sands with some very 
sandy clays. The origin of these materials appears to be pri
marily from the Crevasse Canyon Formation and secondarily from the 
Hancos Shale. 

The weathered Mancos Shale is thickest on the eastern portion 
of the pile, while on the southwest side of the pile the thickness 
of the weathered shale reduces to zero. Toward the western side 
of the pile it appears that the weathered shale may have been 
eroded away before deposition of the alluvium. 

The contact between the alluvium and weathered Hancos Shale 
was difficult to locate because the alluvium is a clayey or silty 
sand while the weathered Mancos Shale Is often a sandy clay. Near 
the east side of the pile, the Mancos Shale is at a fairly shallow 
depth and the tailings rest directly over the weathered Hancos 
Shale. The alluvium in this area may have been used for 
construction of the starter dike o r it may simply have eroded 
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away. In any case, the tailings over the weathered Mancos appear 
to cause a perched water table in the area. This perched water 
table and engineering properties of the foundation soils are 
discussed in more detail in Appendix 0, Site Characterization. 

3.6.2 Tailings 

Haterials forming the tailings can generally be put into one 
of three categories: sand, sand-slime mixture, and slime. The 
limits for classifying these materials were set at zero to 30 
percent passing the No. 200 sieve for the sand, 30 to 70 percent 
for the sandslime mixture, and 70 to 100 percent for the slime. 
Using these criteria, the laboratory tests were used to classify 
the tailings into one of the three categories. Carbonate leach 
tailings are generally finer than acid leach tailings and since 
the tailings at Ambrosia Lake were processed using the carbonate 
leach method, the tailings were predominantly sand-slime and 
slimes. 

According to Purtymun et al. (1977), the tailings were pumped 
to the disposal area, which was originally surrounded on four 
sides by starter dikes. The tailings were discharged from pipes 
along the inner side of the dikes. As the impoundment filled, a 
second tier of dikes was constructed along the southern and 
western edges of the impoundment. Because the eastern edge is 
covered with wind-deposited tailings, it is not known if the 
second tier was constructed along this edge. The first tier was 
constructed of natural materials; however, the second tier appears 
to have been constructed of natural materials with some tailings. 

The tailings impoundment at Ambrosia Lake was constructed 
using the upstream method, which involves discharging the tailings 
peripherally from the crest to form a beach. The upstream method 
of discharge encourages segregation of the grain sizes. The 
coarser particles occur near the outer portion of the embankment 
and the slimes are toward the center of the pond. Limits between 
the sands, sand-slime mixtures, and slimes are often difficult to 
locate because segregation during deposition is a gradual and 
continuous process. Figure 3.17 shows the conceptual material 
type variation for a tailings deposit constructed using the 
upstream method. A model developed by Kealy and Busch (1971) was 
used as a guide to plot the position of various types of 
tailings. The width of each zone depends on several different 
factors such as the initial proportion of sands and slime within 
the mill slurry, the location of the pond relative to the 
discharge, and whether the discharge is at a single point or 
distributed evenly across the embankment crest. Small slime 
stringers may be in the sands or vice versa; therefore, only 
generalizations can be made for the different zone widths. 

Figure 3.18 shows a plan view of the tailings impoundment and 
the different material-type locations. This map was determined by 
plotting the different percentages of sand, sand-slime mixture, 
and slimes for each piezocone hole and then dividing the pile 
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according to the largest percentage of material recorded in each 
piezocone hole. 

The starter dike location was determined by locating what is 
left of the downstream toe and then assuming an upstream slope of 
two horizontal to one vertical. It is not known if the starter 
dike was constructed with compacted engineered fill or by piling 
loose dirt to the desired height. Some compaction is believed to 
have been done; however, to be conservative in the design, it is 
assumed that the entire starter dike was constructed of loose 
material. 

Discharge of the tailings slurry was done on nearly all sides 
of the embankment, as noted by the distribution pipes currently 
along the crests. It appears that the major tailings discharge 
was done on the northern-most edge of the pile since the tailings 
pile slopes to the south. Some of the tailings were discharged 
near the center of the impoundment, as evidenced by the present 
discharge pipes running from the embankment crest to the interior 
of the pile. Section D.7 of Appendix D, Site Characterization, 
discusses the engineering properties of the tailings materials. 

In order to define the in situ consolidation and settlement 
behavior of the tailings, two trial embankments were constructed. 
The amount and the rate of settlement (hence consolidation) of the 
tailings were measured with numerous instruments at each trial 
embankment, A detailed description of the final embankment and the 
interpretation of the results are given in the calculations that 
accompany this report. Generally, the trial embankment showed 
that the rate of consolidation is greater and the amount of 
settlement is slightly less than predicted from laboratory tests. 

3.6.3 Radon/infiltration barrier 

Hancos Shale from an area one mile north of the Ambrosia Lake 
site will be used as a radon/infiltration barrier over the 
tailings. This area was chosen because the weathered Mancos Shale 
is near the surface and little overburden stripping would be 
required. The weathered Mancos Shale is a very clayey material 
that has been shown In laboratory tests to be efficient in 
controlling radon gas release. Engineering properties of the 
proposed radon/infiltration barrier materials are discussed in 
Section D.6 of Appendix D, Site Characterization. 

3.6.4 Contaminated materials 

Prior to placement of the radon/infiltration barrier, the 
pile will be covered with a layer of windblown tailings and 
contaminated alluvium from beneath the north part of the tailings 
pile. This layer will be predominately alluvium, which is 
composed of very silty to clayey sands. The compacted 
characteristics and engineering behavior of the alluvium are 
discussed in Appendix D, Site Characterization, Section D.5. 
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3.6.5 Erosion barrier 

The rock proposed for erosion protection is hard, dense 
basalt boulders that will come from an existing quarry near the 
town of San Mateo, south of the processing site. The basalt will 
have to be drilled and blasted. 

An outcrop of Dakota Sandstone 6.5 miles south of the Ambrosia 
Lake site and another basalt deposit were sampled and tested as 
part of an evaluation of alternate sources of rock for erosion 
protection. The sandstone rock did not meet the NRC durability 
requirements (NRC, 1985). Based on these findings, Dakota Sand
stone in the area is not considered acceptable rock for erosion 
protection. The original basalt deposit was not selected because 
access would have required road construction though valuable big 
game habitat that was disfavored by the U.S. Forest Service. 
Section D.6 of Appendix D, Site Characterization, describes the 
rock durability test results. 

3.7 GROUNDWATER 

__I!L^_Ambrosia Lake tailings pile is underlain by alluvium which 
grades into weafhered Mancos Shale on the eastern side of the site. The 

9 
al'luvium and weathered Hancos Shale are hydraulically interconnected and 
behave as a single hydrologic unit. Thi_jr»:eiJH[gj:majLO.Sj=.C_san.d5.tone_of_the_ 
1 ower Mancos Shale subcrops into the alluvium beneath th,e_we,st.ejiD_sJjdje-of. 
the talTings site. Other hydrostratigraphic units beneath the site which 
may be water-bearing include (in descending order) the Tres Hermanos-B 
and -A sandstones of the lower Mancos Shale, the Dakota Formation, and 
the Westwater Canyon Member of the Morrison Formation. 

The condition of saturation in the alluvium/weathered Mancos Sha 1 e 
at the site exists due to the uranium mining activities in the area.x 
Seepag^~~from an unlined mill make up process water pond, discharge of 
mine water from the Ann Lee Mine, and, seepage from the tailings have 
axtJTJxiaJ Jy_jit.c.ha cg.ej_g to.u nAwa t-e.rLJ.D_J 
Shale. Groundwater in the area of saturation in the alluvium/weathered 

• 

Mancos Shale north of-niiF~^l¥'Tl-owr~t'o~t"hir~gi>mTTWgy^^ 
along the southwesterly sloping contact of the Mancos Shale under a 
_hyd.r:au.lJX_gi:adj.en.t„a.v.e.ca.g.i.ng-_0.,J0.2.5_f.o.o-t_peii.-foot. The average hydraulic 
conductivity in the alluvium/weathered Mancos Shale is 3.48 x 10~* 
centimeter per second (cm/s) and the average linear groundwater velocity 
is 6.69 X 10~5 cm/s. 

The alluvium/weathered Hancos Shale and the Tres Hermanos-C sand
stone are incapable of producing more than 150 gallons per day, which 
classifies the groundwater contained in these units as limited use (Class 
III) groundwater. The existing level of saturation in the alluvium/ 
weathered Hancos Shale will probably not be sustained after remedial 
actions are completed. _6roundwater within the Tres Hermanos-C sandstone 
is recharged mostly from seepage from the alluvium in the subcrop area. 
The extent of recharge from the alluvium will diminish after remedial 
action. 
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The Tres Hermanos-C sandstone is only basically saturated, receiving 
most of its recharge from the overlying alluvium/weathered Hancos Shale 
where it subcrops on the western side of the pile. Groundwater within 
the Tres Hermanos-C sandstone flows to the northeast in the direction of 
regional dip under a hydraulic gradient averaging 0.025 ft/ft. The 
average hydraulic conductivity in the Tres Hermanos-C sandstone is 2.67 x 
10"^ cm/s and the average linear groundwater velocity is 1.37 x 10"* 
cm/s. 

Groundwater within the Westwater Canyon Hember of the Morrison 
Formation flows to the northeast in the direction of regional dip under a 
hydraulic gradient averaging 0.026 ft/ft. The average hydraulic conduc
tivity in the Westwater Canyon Member is 4.31 x 10~* cm/s and the 
average linear groundwater velocity is 1.14 x 10~* cm/s. 

Because there was originally no saturation in the alluvium, no 
pre-operational water quality data is available. It 1s only possible to 
estaFTi'sTrex'iTflng water quality as backgroundTor the isolated pocket of 
saturation in the alluvium and weathered Mancos Shale. 

Maximum observed concentrations of chromium, molybdenum, nitrate, 
lead, selenium, silver, uranium, and activities of radium 226 and 228 an(J 
gross alpha in pore fluids In the tailings and unsaturated alluvium 
beneath the tailings exceed the proposed HCLs. 

Maximum observed concentrations of chromium, molybdenum, nitrate, 
lead, selenium, silver, uranium, and activities of radium 226 and 228 and 
gross alpha in groundwater in the alluvium/weathered Hancos Shale exceed 
the proposed MCLs. Haximum observed concentrations of cadmium, chromium, 
molybdenum, nitrate, selenium, silver, uranium, and activities of radium 
226 and 228 and gross alpha in groundwater in the Tres Hermanos-C sand
stone member exceed the proposed HCLs. 

Haximum observed concentrations of cadmium, chromium, lead, 
molybdenum, selenium, silver, uranium, and activities of radium-226, 
rad1um-??B, and grossTlpha in groundwater in the Westwater Canyon Hember 
ofThe Horrison FormFTi^n exceed~t7ie prop"g?igg~HCLs. ~ 

Geochemical simulation of mixing tailings pore fluids with mill 
makeup water suggests that groundwater in the alluvium/weathered Hancos 
Shale is derived largely from these two sources. Concentrations of 
nitrate, a conservative species, are relatively the same in groundwater 
in the alluvium/weathered Mancos Shale and the Tres Hermanos -C sandstone 
suggesting much of the groundwater in the Tres Hermanos-C sandstone is 
derived from seepage from the alluvium/weathered Hancos Shale. 

A comparison of concentrations of hazardous constituents in the Tres 
Hermanos-C sandstone with those in the Westwater Canyon member of the 
Horrison Formation indicates that seepage down mine shafts and ventholes 
will not influence water quality in the Westwater Canyon Member. Concen
trations of most hazardous constituents in the Tres Hermanos-C sandstone 
are lower than those in the Westwater Canyon Member and the relative rate 
of groundwater underflow in the Westwater Canyon member compared to the 
Tres Hermanos-C sandstone assures that no water quality impacts will occur 
In the Westwater Canyon Member. 
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3.8 SURFACE WATER 

There are no natural perennial streams at the Ambrosia Lake site. 
The Arrovo del Puerto, the principal drainage channel tor the Ambrosia 
.Lake area, is a tributary of San Mateo Creek. Tlow i" "̂"e "̂̂ ""!.' ^̂ !̂  
been sustained by mine water discnarges, creating a perenn1"aTTtreanrrruffr— 
the late l^SOs until I98U. H o w within th6 Arroyo del PunrLo ''̂ Jj*Ĵ ^̂ '' ̂  
itnnrce of recharge to the alluvium along itscourse towaro :>an waxeo 
Creek. This saturatioiTTfTTlirTTTuTTirnr^o^T^T^^ 
Ambrosia Lake tailings pile, and alluvial wells south of the pile are 
dry. Saturation at the Ambrosia Lake processing site is localized and 
distinct from saturation along the Arroyo del Puerto. Water quality in 
the Arroyo del Puerto reflects the quality of mine water discharges and 
contains concentrations of gross alpha, Ra-226, molybdenum, selenium, 
uranium, and possibly chloride and/or sulfate that exceed background 
levels designated from upstream samples from San Hateo Creek (Gallaher 
and Goad, 1981). 

Ponded water on the tailings pile resulted from rainfall and 
collected in the depression at the south central portion of the existing 
pile until it was drained into a lined wastewater retention basin in 
1988. Additional ponds in the vicinity of the site, all of which are 
usually dry, include abandoned mine ponds, abandoned sewage ponds, and 
various stock watering ponds northeast of the mill. Surface 
water-quality analyses results are included in Appendix D, Site 
Characterization. 

None of the surface water in intermittent drainages from San Mateo 
Mesa or within the Arroyo del Puerto are utilized as a potable water 
source. However, some surface water from the Arroyo del Puerto has been 
diverted for stock watering. 

The watershed and associated drainage network above the site were 
evaluated to determine the impact that intense storms and flooding would 
have on the site. The watershed covers 3.8 square miles and is divided 
into two separate ephemeral drainage pathways, one north of the site 
and one northeast of the site. Flood analysis included a determina
tion of the Probable Haximum Flood conditions. This is discussed in 
greater detail in the surface water hydrology portion of Appendix D, Site 
Characterization, and in calculations supporting Appendix F, Subcontract 
Documents. 
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1.0 INTRODUCTION 

The following design report was prepared by Tetra Tech Inc. for Rio Algom Mining LLC 

(Rio Algom) to evaluate erosion protection measures to protect the site from the effects 

of surface water flow during storm events in the Arroyo del Puerto. Initially, an option 

was considered to return the Arroyo del Arroyo channel to its historic general natural 

course and prevent future lateral migration of the re-established channel towards 

Tailings Pond 3. However, this historic location placed it between Tailings Pond 3 on 

one side and Tailing Ponds 4, 5, & 6 on the opposite side. The resulting evaluation was 

required to consider the impact from a probable maximum flood (PMF) down the Arroyo 

del Puerto and the erosion protection necessary to protect the pond areas containing 

tailings or residual contaminants. Three options were evaluated with the preferred 

option primarily involving diversion of the Arroyo del Puerto to the east of Tailing Ponds 

4, 5, & 6 utilizing an embankment and a new excavated channel that would rejoin the 

original arroyo near the northeast corner of Tailings Pond 9. Additionally, the historic 

location of the arroyo west of Tailing Ponds 4, 5, & 6 would be designed to provide 

drainage of onsite runoff. This report provides the basis for the design and construction 

of the new embankment and channel as well as the historic channel draining onsite 

drainage, together with drawings and specifications for construction. In addition, an 

evaluation of the geomorphic processes affecting the Arroyo del Puerto was performed 

to determine the long-term stability of the design with respect to aggradation or 

degradation processes. 

1.1 Historical Perspective 

The Arroyo del Puerto historically has been a relatively narrow channel, in a broad 

alluvial flood plain. Historically, it was a dry wash and flowed only in response to 

significant rainfall events and periods of prolonged snow melt. In the late fifties, several 

mining companies began sinking mining shafts, with subsequent pumping from the 

Westwater Formation into the Arroyo del Puerto. The flows in the Arroyo del Puerto 

reached San Mateo Creek about 4 miles to the south. These flows eventually 

decreased with cessation of mining in the valley. The Creek then became dry until it 

Rio Algom Mining LLC. SUA-1473 Page 1 
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reached the United Nuclear-Homestake IX plant in Section 25, northwest of the mill 

where the Homestake IX discharges were added to the arroyo. 

In late 1976, the arroyo was realigned by Kerr McGee as part of their operations to flow 

north and east of Tailings Pond Nos. 4, 5 and 6 away from Ponds 1 and 3 (Figure 1.1). 

This new diversion channel rejoined the original arroyo Tailing Ponds 4, 5, & 6 near the 

northeast corner of Tailings Pond 9. Drainage from the channel reach of the 

abandoned creek was captured behind a small dam and pumped back into Tailings 

Pond 3. 

The initial Rio Algom reclamation plans considered restoration of the Arroyo del Puerto 

to its original channel as nearly as achievable to the pre-1976 grade and alignment. It 

was thought that the stream restoration would re-establish the general structure, 

function and self sustaining behavior of the arroyo to that which existed prior to the 

diversion channel construction. 

Rio Algom Mining LLC. SUA-1473 Page 2 
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Scope 

Rio Algom, formally Quivira Mining Company is conducting reclamation of its Uranium 

facility located in the Ambrosia Lake Valley northeast of Grants, New Mexico. This work 

is being performed under Rio Algom's NRC license No SUA-1473. 

As part of the reclamation program, Rio Algom has reclaimed Tailings Pond 1 and is in 

the process of reclaiming Tailings Pond 3. The tailings pile reclamation was designed 

and constructed to provide assurance of control of radiological hazards for 1,000 years 

to the extent reasonably achievable. Specifically, the plan meets Appendix A of 10 CFR 

Part 40 for decommissioning of the tailing ponds. Erosion protection designs for 

Tailings Pond Nos. 1 and 3 were an integral part of the reclamation plan. These 

designs were submitted to the NRC on May 16, 2005 and September 26, 2002. The 

NRC conducted a detailed technical evaluation report (TER), on the design, which was 

transmitted to Rio Algom on November 27, 2002 (See Appendix A). The NRC staff 

concluded that the designs submitted appropriately addressed the long-term erosion 

protection of Tailings Pond Nos. 1 and 3, for a Probable Maximum Precipitation (PMP) 

event, and issued Amendment 51 to update License condition 37 of Source Materials 

License, SUA-1473. 

However, the TER summary stated that the toe of Tailings Pond 3 (at Section 3) should 

be revisited (i.e. re-evaluated) to determine if the erosion protection adequately protects 

against lateral migration of the Arroyo del Puerto, thus potentially undercutting the toe of 

Tailings Pond 3. In response to this TER, Rio Algom submitted a report assessing the 

potential for migration of the Arroyo del Puerto (Appendix B). The NRC issued another 

TER addressing this report on October 5, 2004 (Appendix A). This second TER by the 

NRC concluded that since the maximum differential distance between the toe of Tailings 

Pond 3 and the re-established channel bed would be approximately 10 feet, that Rio 

Algom should again address the potential for undercutting of the impoundment toe due 

to the potential migration of the arroyo. The TER suggested that methods of toe 

protection could include stabilizing the stream at its reconstructed location or providing 

additional protection against migration into the toe of Tailings Pond 3. 
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Subsequent to the second TER, NRC also expressed concern for remaining subsurface 

contaminants beneath the previous locations of Tailings Ponds 4, 5, & 6. NRC 

indicated "that in addition to Tailings Pond 3, these materials needed to be protected 

from dispersal by the impact of a PMF down the Arroyo del Puerto. 

Rio Algom has evaluated three options for cost impacts based on these design 

considerations. These options are described as follows: 

• Option 1: Re-align the Arroyo del Puerto to the historic alignment and design 

for PMF streamflows. Protect Tailings Ponds 4, 5, & 6 and the channel for the 

resulting PMF flow velocities and scour depths, as well as the toe and sideslope 

of Tailings Pond 3. 

• Option 2: Re-align the Arroyo del Puerto to the historic alignment to provide 

interior site drainage and protect Tailings Ponds 3, 4, 5, & 6 and the channel for 

the runoff from a Probable Maximum Precipitation (PMP). Divert upstream PMF 

drainage in the Arroyo del Puerto to the east of Tailing Ponds 4, 5, & 6 utilizing 

an embankment and a new excavated channel that would rejoin the original 

arroyo near the northeast corner of Tailings Pond 9. 

• Option 3: Re-align the Arroyo del Puerto to the historic alignment and design 

for PMF stream flows. Build a weir embankment at the downstream end of 

Tailings Pond 6 to back up flood flows and reduce flow velocities over Tailings 

Ponds 4, 5, & 6. Protect Tailings Ponds 3, 4, 5, & 6 and the channel for the 

resulting PMF flow velocities and scour depths. 

The evaluation determined that Option 2 would be more cost effective and would 

provide better protection of the area of Tailings Ponds 4, 5, & 6 as well as mitigate the 

concern for lateral migration into Tailings Pond 3. The following design summary and 

associated drawings addresses the NRC's concerns and presents erosion protection 

measures for the interior site drainage as well as the PMF design for the diversion 

embankment/channel as shown on Sheet 1. 

The interior site drainage and erosion protection is discussed in Section 2 and the 

applicable calculations are contained in Appendix C. The Diversion 
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Embankment/Channel PMF analysis and erosion protection is discussed in Section 3 

and the applicable calculations are contained in Appendix D. Section 4 discusses 

erosion protection specifications to include requirements for rock gradations, rock filters, 

rock quality, rock placement, and a summary of estimated volumes required. Section 5 

contains a geomorphic evaluation summary that is supported by calculations and a 

geomorphic report contained in Appendix E. Section 6 contains a design summary. 

Section 7 contains references, and Section 8 contains the design drawings (Sheets 1 

thru 23). In order to better show some of the erosion protection details on Sheet 4, a 

map size version of this drawing has been placed into a map inset at the back of the 

report. 

Rio Algom Mining LLC. SUA-1473 Page 6 
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1.0 INTRODUCTION 

By letter dated January 19, 2005, Rio Algom Mining Limited Liability Corporation (Rio Algom) 
sent to the U.S. Nuclear Regulatory Commission (NRC), a Soil Decommissioning Plan for its 
Ambrosia Lake uranium mill tailings facility. In a followup to the proposed plan, Rio Algom 
submitted, under letters dated June 15, July 15, and September 27, 2005, a response to a 
request for additional information and a revised plan. 

The plan addresses the methods and procedures to be implemented to ensure that soil 
remediation is performed in a manner that is protective of human health and the environment. 
The Uranium Mill Tailings Radiation Control Act, as amended, and regulations in Title 10 ofthe 
Code of Federal Regulations, 10 CFR Part 40 require that material at uranium mill tailings sites 
be disposed of in a manner that protects human health and the environment. 

The Ambrosia Lake site is in the Ambrosia Lake mining district of New Mexico, 25 miles north of 
Grants, New Mexico. It began processing ore in 1958 and processed approximately 33 million 
tons of ore through 1985. The facility continued to be an active uranium production facility 
through December 2002. Reclamation of the tailings management facilities commenced in 
1989 with the initiation of consolidating the top surface of the largest tailings impoundment. 
Reclamation activities have at times included excavation and disposal of unlined evaporation 
pond residues, contaminated soil cleanup, reclamation ofthe tailings impoundments, 
construction of surface water erosion protection features, and demolition of the mitl buildings. 

The original tailings disposal area was constructed in 1958 and originally consisted of eight 
ponding areas. Tailings Impoundments ponds 1 and 2 were used for solids disposal, pond 3 
was a decant and seepage collection pond, and ponds 4 through 8 were used for evaporation 
of liquids decanted from ponds 1 and 2. Ponds 4 through 8 were unlined. Starter dike and 
retention dikes were constructed from clayey natural soils that were present on the site. Tailing 
disposal operations utilized the upstream spigoting method. By the end of 1984, nearly 33 
million tons of tailing solids had been deposited at the site and no failures allowing discharge of 
radioactive material outside the restricted area are known to have occurred. 

All unlined evaporation ponds (pond 4 through 8) were taken out of service in 1984. Following 
solution transfer from these unlined ponds to lined evaporation cells, consolidation and removal 
of accumulated pond sediments in ponds 4-8 were transported to pond 2 for final disposal. 

Lined ponds 9 and 10 were constructed in 1976, and were also used for evaporation of liquids 
decanted from ponds 1 and 2. Pond 10 was removed from sen/ice in 1984 and allowed to dry 
out. The accumulated sediments, liner material, and contaminated soils beneath the liner from 
pond 10 were relocated to pond 2. The area was cleaned down to bedrock (shale and 
sandstone), and then backfilled with 0.91 meter (3 feet) of fill material. Pond 9, which remains in 
service to facilitate on-going evaporation needs, is scheduled to be reclaimed in the latter part 
of 2006 or early 2007. 

Ponds 11 through 15 were constructed in 1976, and ponds 16 through 21 were constructed in 
1979. These synthetically lined ponds are referred to as the "Section 4 ponds." They are 
located along the southeastern portion of the site and were used to evaporate liquid wastes 
generated from Rio Algom's uranium ore processing mill. These ponds have an overall 
evaporative area of 256 acres with a total holding capacity of 1570 acre-feet. Additional 

1 



wastewater streams evaporated at the Section 4 ponds included wastewater from the ion 
exchange plant consisting of backwash solutions and resin regeneration solutions. 
Groundwater collected as part of the alluvial and bedrock groundwater remediation plan, and 
other mill process solutions, were also disposed via evaporation at the Section 4 ponds. The 
ponds remained in active service through April 2005. Closure of all lined ponds will be 
performed pursuant to the Lined Pond Relocation Plan approved by NRC in June 2005. 

The applicant stated that this So/7 Decommissioning Plan is one component of the overall site 
decommissioning plan. The licensee has previously addressed and NRC has approved the 
remaining site-wide decommissioning plan elements through separate licensing actions 
including closure of tailings pond 1 and 2, mill demolition, relocation of lined evaporation pond 
sediments, and groundwater remediation. 

The plan addresses the soil decommissioning of the entire site associated with the facility 
license. The plan also addresses areas of deeper soil contamination, including ponds 4 through 
8, and pond 10. The applicant is requesting to close these areas through the application of 
alternate release criteria (ARC) by comparison of the site-specific dose assessment with the 
"benchmark dose." Construction methods used for the unlined ponds resulted in creating 
contaminated soils at depths beneath and in the vicinity of the unlined ponds that can exceed 
twelve feet from current surface elevation. Site conditions make excavation of these soils that 
are impacted at depth technologically and economically infeasible to remediate and create 
unnecessary safety and health concerns to employees. 

Some other onsite areas of possible deeper soil contamination lack adequate characterization 
data as a result of on-going licensed activities. These areas include the mill area and the lined 
evaporation ponds (pond 9 and "Section 4 ponds"). Other areas addressed in this plan are the 
saturated area immediately north of the treatment pond which resulted from mine water 
seepage, the former saturated zones adjacent to pond 9 which existed prior to the installation 
and operation ofthe dewatering trench, and pipelines that contained process solutions. 

2.0 NEED FOR THE PROPOSED ACTION 

A Soil Decommissioning Plan is required by 10 CFR Part 40. The purpose of the plan is to 
remediate the windblown tailings, effluent contaminated soils, and soil contamination originating 
from the milling operation and disposal area and to demonstrate that the cleanup plan was 
successful in remediating the contaminated soils to comply with the proposed release criteria. 
For areas of deeper contamination attributed to licensed activities, Rio Algom will utilize ARC to 
allow these soils to be left in place protected by an engineered (erosion protection) barrier. 

3.0 THE PROPOSED ACTION 

the proposed action is modification to a license condition of Source Material License 
SUA-1473, to approve Rio Algom's Soil Decommissioning Plan to remediate soil impacts 
attributable to licensed activities. Following approval of the Soil Decommissioning Plan, Rio 
Algom will develop and implement operational procedures to verify that the area meets the 
approved cleanup criteria. Following approval by NRC of successful remediation of the area 
pursuant to the Soil Decommissioning Plan, the area will be stabilized and the site will 
eventually be transferred to the US Department of Energy. 
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4.0 ALTERNATIVES TO THE PROPOSED PLAN 

The alternative to in-place stabilization is the no-action alternative. The no-action alternative 
would not provide an adequate long-term solution forthe uranium byproduct material. However, 
it would require active maintenance for the life of the waste site. 

In-place stabilization will provide a reasonable assurance of containing the radiological hazards 
for 1000 years. Further, to the extent practical in-place stabilization will limit the release of 
radon-222 from uranium byproduct materials and radon-220 from thorium by-product materials 
to the atmosphere so as not to exceed an average of 20pCi/m^/sec, and the direct gamma 
exposure from the reclaimed tailings cells will be reduced to background levels. 

5.0 DESCRIPTION OF AFFECTED ENVIRONMENT 

5.1 Land Use 

The site is located approximately 24 miles due north of Grants, New Mexico, in the Ambrosia 
Lake vaNey. Uranium mining started in this area in mid-1950s, and 17 mines are located within 
approximately 3 miles of the site (Rio Algom, 2005a). Land uses within 2 miles of the site are 
grazing, utilities, and mine reclamation activities, according to the 2005 land use survey (Rio 
Algom, 2005b). 

5.2 Geology 

5.2.1 Regional Geology 

Rio Algom's mill and tailings facility is located north of the Zuni Uplift portion of the San Juan 
Basin. The basin is characterized by broad areas of relatively flat-lying sedimentary rocks, 
dipping to the northeast; portions of the basin are covered with alluvium and basalt flows. The 
site is within the Ambrosia Lake valley, which is formed by the Mesa Montanosa to the west and 
the San Mateo Mesa to the east. The stratigraphic sequence of hydrologic significance at the 
site consists of, in descending order, the Arroyo del Puerto alluvium (alluvial aquifer), the 
Mancos Formation and Tres Hermanos A and B (TF^ and TRB) sandstones, the Dakota 
Sandstone, the Brushy Basin and the Westwater Canyon members of the Morrison Formation. 
The ore-bearing unit in the vicinity is the Westwater Canyon. Bedrock formations above the 
Westwater Canyon Member of the Morrison Formation have essentially been dewatered by 
ventilation holes and mine shafts located to the north and east of Rio Algom's mill and tailings 
facility. Units that have been affected by milling activities are the alluvium, the TRB sandstone, 
and the Dakota Sandstone. 

5.2.2 Site Geology 

The mill site and Tailings Impoundments 1 and 2 are located on the weathered Mancos 
Formation (saprolite) or on alluvium overlying the Mancos section. The alluvium consists of clay 
and clayey sand derived from reworked shales of the Mancos Formation. Bedrock units 
impacted by tailings seepage are the Dakota Sandstone that underlies ponds 7 and 8, and the 
TRB that underlies the saprolite throughout most of Tailings Impoundments 1 and 2. Most of 



the seepage from Tailings Impoundments 1 and 2 migrates laterally through the alluvium and 
shallow saprolite in the direction of the surface slope to the alluvial aquifer, where it enters the 
interception trench. Seepage that enters the unweathered bedrock beneath Tailings 
Impoundments 1 and 2 slowly migrates through the TRB to the north and northeast of the 
Facility in the general direction of the dip. The dewatering trench located between pond 7 and 
pond 2 has minimized any tailings seepage to the TRA that underlies the saprolite and alluvium 
in the general vicinity of pond 7. 

5.3 Water Resources 

5.3.1 Surface Water 

Prior to mining activity, the Arroyo del Puerto was an ephemeral drainage as flow in the arroyo 
occurred only in response to large rainfall or snowmelt events. When mine dewatering was 
occurring, the arroyo was dry until it reached the discharge point for treated mine water. Mine 
discharges are permitted under a National Pollutant Discharge Elimination System (NPDES) 
permit issued by the Environmental Protection Agency. As an example, during 1999 an 
average of 337,000 ft^/d of treated mine water was discharged to the Arroyo del Puerto 
channel. Some water was then diverted from the creek for mine injection. Since January 2000, 
when mine injection ceased, an average of 125,000 ft^/d of treated mine water has been 
released to the Arroyo del Puerto channel. Water flowing in the arroyo infiltrates into the 
alluvium to facilitate the groundwater corrective action plan implemented at the site for the 
alluvial unit Other than minimal precipitation recharge, this infiltration is the only source of 
recharge to the alluvial groundwater system. As of December 2005, no water has been 
discharged into the Arroyo del Puerto 

5.3.2 Groundwater 

5.3.2.1 Bedrock Aquifers 

The principal near-surface bedrock hydrogeologic units beneath the site are the TFiA, the TRB, 
and the Dakota Sandstone. The Mancos Formation serves as an aquitard that separates each 
of these water-bearing units. Groundwater flow within bedrock units is generally down-dip, 
toward the north-northeast. An exception is a small portion of TRB in the southeast portion of 
the study area. Interception trenches IT-2 and IT-3 intercept water flowing in the TRB to the 
east from beneath Tailings Impoundment 1. 

A regional cone of depression has formed within bedrock units beneath the site as a result from 
the dewatering of mines through vent holes and mine shafts. Bedrock units are recharged 
where they crop out or where they are covered by alluvium. Transmissivity values for TRB and 
Dakota of 4.7 square feet per day (ft^/d) and 13 ftVd, respectively (Rio Algom, 2000b). 

5.3.2.2 Alluvial Aquifers 

Prior to mining in the area, natural sources of recharge to the alluvial system were insufficient to 
establish saturated conditions within the alluvium. Therefore, natural sources of recharge such 
as infiltrating overland flow and drainage are insignificant. Two principal sources of recharge to 
the system are currently maintaining the localized saturated condition: 1; infiltration of water 
from the Arroyo del Puerto bypass channel and 2; leakage from Tailings Impoundment 1 



Current groundwater flow in the alluvial system is generally to the southeast with a gradient of 
approximately 0.006. A groundwater mound has formed in the northern portion of the study 
area, caused by infiltration from the Arroyo del Puerto bypass channel. North of this mound, 
groundwater flows north toward mine shafts and vent holes located in Section 30. South of the 
mound groundwater flows toward the northern half of trench IT-I, creating the groundwater 
sweep. Groundwater seeping from Tailings Impoundment 1 flows east toward trench IT-1. 

Groundwater exits the alluvial system at the northern and eastern margins of the study area 
where vent holes and mine shafts intersect the water table. Alluvial groundwater also exits the 
southern end of study area as underflow beneath the Arroyo del Puerto through a narrow gap in 
the bedrock. Hydraulic gradients between the alluvial system and subcropping Tres Hermanos 
units are generally downward, indicating that some groundwater is probably moving from the 
alluvial system into subjacent sandstone units. 

5.3.3 Background water Quality 

Background values for the site were determined by the calculation of an upper tolerance limit 
(UTL) for constituent data sets that were either normally or lognormally distributed. In data sets 
that were not normally or lognormally distributed, the highest observed value was assigned as 
the UTL. 

Rio Algom discussed the computation of background water-quality data because sources 
unrelated to site activities have impacted offsite water quality. Such sources include seepage 
from the nearby DOE UMTRCA Title I facility, mine pumping and discharge, and the runoff and 
erosion from mine spoils and ore piles. As a result, widespread ambient groundwater 
contamination has occurred that is unrelated to but inseparable from impacts related to milling 
at the site. Consequently, calculated background values may not be representative of 
groundwater in other parts of the Ambrosia Lake valley outside of mined areas. 
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Background Groundwater Concentrations 
Table 1 

Parameter 

Gross Alpha (pCi/l) 

Lead-210 (pCi/l) 

Molybdenum (mg/l) 

Nickel (mg/l) 

Radium-226 & -228 
(pCi/l) 

Selenium (mg/l) 

Thorium-230 (pCi/l) 

Uranium (natural) (mg/l) 

Background 
Concentration 
(UTL) 

16,726 

36 

83 

0.14 

196.1 

3.1 

5 

11.1 



Source: Rio Algom, 2001 

5.3.4 Current and Future Water Uses 

Groundwater in the Ambrosia Lake area is used for irrigation and livestock watering. There are 
no irrigation or livestock watering wells in the alluvial aquifer in the vicinity of the tailings 
impoundments. The alluvial aquifer is not saturated anywhere except near the site and the DOE 
tailings impoundment and cannot provide sufficient water for use. Therefore, DOE obtained 
groundwater corrective action compliance and license termination at its facility through the 
application of supplemental standards. Rio Algom obtained alternate concentration limits 
("ACL") for the site within the bedrock and alluvial units in February 2006. The land area where 
these ACL apply will be transferred to the DOE for long term stewardship upon license 
termination, thereby protecting the public and environment 

A list provided by the U.S. Geological Survey shows approximately 65 groundwater wells within 
a 25-mile radius of the facility. The closest groundwater supply well is completed in the 
Westwater Canyon Sandstone member of the Morrison Formation approximately 1.5 miles west 
of the site. A large reduction in water use and groundwater withdrawals has occurred in the 
Ambrosia Lake area over the past 10 to 15 years as a result of the decline of the uranium 
industry because of poor economic conditions. The current economic base in the Ambrosia 
Lake area is reclamation at the site and ranching. However, with the economics of uranium 
recovery in flux, it is possible that a future licensing action will require an environmental 
assessment to re-consider groundwater use. 

5.4 Ecology (Flora and Fauna) 

The site is located in McKinley County, New Mexico, where the U.S. Fish and Wildlife Service 
(FWS) has listed the following as threatened or endangered species that may be located in this 
county: A total of 118 species and subspecies are on the 2004 list of threatened and 
endangered New Mexico wildlife. However, only the Zuni Bluehead Sucker, Bald Eagle, 
Mexican Spotted Owl, Southwestern Willow Flycatcher, Interior Least Tern, American Peregrine 
Falcon, Arctic Peregrine Falcon, gray vireo was specifically identified as being either 
endangered or threatened in McKinley County. 

By letter dated September 20, 2004, the U.S. Fish and Wildlife Service (FWS) transmitted the 
Federal list of threatened and endangered species for McKinley County, New Mexico, to NRC 
staff (FWS, 2004). According to this list, the following threatened and endangered species are 
found in McKinley County: bald eagle {Haliaeetus leucocephalus), black-footed ferret {Mustela 
nigripes), Mexican spotted owl {Strix occidentalis luclda) with critical habitat, southwestern 
willow flycatcher {Empidonax traillii extimus), and the Zuni fleabane {Erigeron rhizomatus). No 
habitat for these species has been identified at the site. 

5.5 Meteorology, Climatology, and Air Quality 

New Mexico has a mild, arid or semiarid, continental climate characterized by light precipitation 
totals, abundant sunshine, low relative humidity, and a relatively large annual and diurnal 
temperature range. Table 3 presents monthly average data from the Grants Airport except for 
pan evaporation data, which is from the Gallup ranger station. 





Table 2 

Climatic Data 

Month 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec 

Avg/ 
Total 

Avg. 
Tem 

P 
(T) 

30.2 

34.9 

41.1 

48.8 

57.5 

66.9 

71.6 

69.0 

62.2 

51.0 

39.1 

30.8 

50.3 

Avg 
Max. 

Temp. 
(T ) 

46.2 

51.3 

58.2 

67.4 

76.3 

86.3 

88.2 

85.1 

79.7 

69.4 

56.1 

47.2 

67.6 

Avg. 
Min. 

Temp 

(°F) 

14.3 

18.5 

23.9 

30.1 

38.8 

47.5 

55.0 

53.0 

44.6 

32.7 

22.1 

14.5 

32.9 

Precip. 

(in) 

0.50 

0.42 

0.53 

0.47 

0.54 

0.57 

1.71 

1.99 

1.32 

1.10 

0.59 

0.63 

10.37 

Snowfal 
1 

(in) 

2.5 

22 

1.6 

0.3 

0 

0 

0 

0 

0 

0.4 

0.9 

4.0 

11.9 

Wind 
Speed 
(mph) 

7.7 

9.2 

9.8 

11 

10.3 

9.9 

8.0 

7.3 

7.8 

8.6 

7.7 

7.5 

8.7 

Prevailing 
Direction 

NW 

NW 

NW 

W 

W 

W 

SE 

SE 

NW 

NW 

NW 

NW 

NW 

Pan 
Evaporatio 

n 
(in) 

0 

0 

0 

6.61 

9.31 

12.12 

10.50 

8.70 

7.95 

5.07 

2.20 

0 

62.46 

Source: Western Regional Climatic Center, 2005 

5.6 Socioeconomic 

According to the 2000 Census data, the closest population center to the site is Milan, which is 
20 miles south of the site and immediately north of Grants (24 miles south of the site). As of 
the 2000 Census, Milan had a total population of 1,891 people (down from 1,911 people in 
1990) with a median age of 29.8 years. Approximately 22 percent of the population is under 18 
years old. Approximately 59 percent of the population 16 years old or older is in the workforce, 
and the median household income is $24,635. Approximately 29 percent ofthe population is 
below the poverty level. 

As of the 2000 Census, Grants had a total population of 8,806 people (up from 8,626 people in 
1990) with a median age of 34.4 years. Approximately 17 percent ofthe population is under 18 
years old. Approximately 58 percent of the population 16 year old or older is in the workforce, 
and the median household income is $30,652. Approximately 22 percent of the population is 
below the poverty level (Census Bureau, 2005). 
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5.7 Historical and Cultural Resources 

Implementation of the Soil Decommissioning Plan may have an effect on two identified 
archaeological sites resulting from ground disturbing activities that will occur at both 
archaeological sites. Rio Algom has submitted a Data Recovery Plan to the New Mexico State 
Historic Preservation Office ("SHPO") that addresses how the identified archaeological sites will 
be managed as part ofthe Soil Plan. The Data Recovery plan consists often elements: (1) 
research context; (2) resource description/current knowledge of the sites; (3) specific research 
questions; (4) specific procedures to excavate the sites; (5) procedures to implement the plan; 
(6) backfill; (7) analytical procedures; (8) schedule; (9) personnel; and (10) curation. 

Archaeological activities will be in consultation with SHPO and will be conducted by qualified 
cultural resource specialists. 

5.8 Public and Occupational Health 

The site Health, Safety and Environment Management System provides adequate assurances 
to protect employees, the public and the environment. Health and safety programs 
implemented at the site address all facets of occupation safety including health physics 
monitoring. These comprehensive programs have continually demonstrated that employee 
exposures have been maintained as low as reasonably achievable. 

The project has been designed to maximize protection of the public. Interaction with traffic from 
the general public is minimized through the construction of an overpass across the public 
highway. Fugitive dust from heavy equipment operation will be mitigated through the use of 
dust suppression methods on haul roads. The area will eventually be revegetated following 
work activities. 

The NRC license requires the site to maintain comprehensive environmental monitoring 
programs that encompass, air, soil, sediment, surface water, groundwater, vegetation, radon, 
and direct gamma radiation. The facility air monitoring network was expanded as two additional 
ambient air monitoring stations have been installed to collect data to demonstrate that control 
measures are implemented and effective. 

NRC staff is requiring quarterly monitoring of groundwater for the first 2 years followed by 
semiannual monitoring until license termination. Specifics of the Groundwater Monitoring 
Network are presented in detail within the Environmental Assessment for the Alternative 
Concentration Limits that was published Feb 24, 2006 (ML060380387). 

The purpose of this monitoring is to ensure that Rio Algom remains in compliance with the 
groundwater standards in the license. Sampling data also allows monitoring of groundwater 
plume movement over time and distance, and assures that groundwater contamination will not 
present an unacceptable risk to human health or the environment in the future. If future data 
suggests that pollutant concentrations in groundwater exceed acceptable levels, Rio Algom will 
be required to take action. 

DOE will propose a groundwater monitoring plan as part of the long-term surveillance plan to be 
approved by the NRC. As custodian of the tailings after termination of the site's license, DOE 



will be responsible for continued monitoring and any needed corrective action under an NRC 
general license. 
5.9 Transportation 

This action will result in increased traffic to and from the project site. However, increased traffic 
levels resulting from site employees will be below the traffic levels observed during the full 
operation of the facility. Dedicated haul roads to maintain segregation of traffic minimize the 
potential for traffic accidents occurring among project personnel. Interaction with traffic from 
the general public is minimized through the construction of an overpass across the public 
highway. 

6.0 ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION 

The NRC staff has reviewed the Rio Algom So/7 Decommissioning Plan for its Ambrosia Lake 
uranium mill tailings facility. Based on its review, the staff has determined that the affected 
environment and the environmental impacts associated with the Soil Decommissioning Plan for 
the Ambrosia lake facility are bounded by the impacts evaluated in the"Generic Environmental 
Impact Statement in Support of Rulemaking on Radiological Criteria for License Termination of 
NRC-Licensed Nuclear Facilities" (NUREG-1496). 

Since ceasing operations, the Ambrosia Lake site has utilize in-place stabilization to prevent 
contamination from spreading beyond its current locations. Access to the contaminated areas is 
controlled to assure the health and safety of workers and the public. No ongoing licensed 
activities are occurring in the facilities at this time. Contamination controls will be implemented 
during decommissioning to prevent airborne and surface contamination from escaping the ' 
remediation work areas, and therefore no release of airborne contamination is anticipated. 
However, the potential will exist for generating airborne radioactive material during 
decontamination, removal and handling of contaminated materials. If produced, any effluent 
from the proposed decommissioning activities will be limited in accordance with NRC 
requirements in 10 CFR Part 20 or contained onsite or treated to reduce contamination to 
acceptable levels before release, and shall be maintained ALAF^. Release of contaminated 
liquid effluents, are not expected to occur during the work. 

Rio Algom and subcontractors will perform the remediation under the Ambrosia Lake license, 
with Rio Algom overseeing the activities and maintaining primary responsibility. The Ambrosia 
Lake facility has adequate radiation protection procedures and capabilities, and will implement 
an acceptable program to keep exposure to radioactive materials ALAF?A. As noted above, Rio 
Algom has prepared a decommissioning plan describing the work to be performed, and work 
activities are not anticipated to result in a dose to workers or the public in excess ofthe 10 CFR 
Part 20 limits. 

Past experiences with decommissioning activities at E-12 sites similarto the Ambrosia Lake 
facility indicate that public and worker exposure will be far below the limits found in 10 CFR Part 
20, 

6.1 Environmental Impacts of the Alternatives to the Proposed Action 
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The alternative to in-place stabilization is the no-action alternative. The no-action alternative 
would not provide an adequate long-term solution for the uranium byproduct material. However, 
it would require active maintenance for the life of the waste site. 

In-place stabilization will provide a reasonable assurance of containing the radiological hazards 
for 1000 years. Further, to the extent practical in-place stabilization will limit the release of 
radon-222 from uranium byproduct materials and radon-220 from thorium by-product materials 
to the atmosphere so as not to exceed an average of 20pCi/m^/sec, and the direct gamma 
exposure from the reclaimed tailings cells will be reduced to background levels. 

7.0 CONSULTATION WITH AFFECTED FEDERAL AND STATE AGENCIES 

As required by NRC guidance, the FWS and the State of New Mexico were asked to 
provide input regarding the impacts of this action. The New Mexico Historic Preservation 
Division (NMHPD) was also contacted. In addition, the New Mexico Historic Preservation 
Division Web site was reviewed to identify any potential sites in the Ambrosia Lake area. No 
such historic sites were noted (NMHPD, 2005), however the licensee submitted to NMHPD a 
Data Recovery Plan (ML060670532) which identified several potential sites and provided a plan 
to address those sites as the remediation of site continues. 

8.0 CONCLUSION 

The NRC staff has reviewed the Soil Decommissioning Plan, as amended, and examined the 
impacts of the request. The potential impacts of the proposed action are limited to the land 
surface and are temporary due to construction activities. 

The direct impacts to the surface will primarily be dust generation due to the removal and 
hauling of the material to the disposal area. Fugitive dust from heavy equipment operation will 
be mitigated through the use of dust suppression methods on haul roads. The site Health, 
Safety and Environment Management System provides adequate assurances to control 
impacts to the environment. Additional ambient air monitoring stations have been installed to 
collect data to demonstrate that control measures are implemented and effective. 

The NRC staff is considering a request to approve the Soil Decommissioning Plan The 
alternatives available to the NRC are to: 

1. approve the license amendment request as submitted; or 

2. amend the license with such additional conditions as are considered necessary 
or appropriate to protect public health and safety and the environment; or 

3. deny the request. 

Based on its review, the NRC staff has concluded that the environmental impacts of the 
proposed action are not significant and, therefore, do not warrant denial of the license 
amendment request. Additionally, in the technical evaluation report (TER) being prepared for 
this action, the staff documents its review of the licensee's proposed action with respect to the 
criteria for soil remediation, specified in 10 CFR Part 40, Appendix A, and has no basis for 
denial of the proposed action. 
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The NRC staff have prepared this EA in support of the proposed action to amend the Rio 
Algom Ambrosia Lake License to approve the Soil Decommissioning Plan. On the basis of this 
EA, NRC has concluded that there are no significant environmental impacts and the license 
amendment does not warrant the preparation of an Environmental Impact Statement. 

The NRC staff is considering preparation of a finding of no significant impact (FONSI). 
The following statements support a FONSI and summarize the conclusions of the draft EA. 

The Soil Decommissioning Plan, which will utilize surface remediation and in-
place stabilization, provides a reasonable assurance that its measures will 
contain the radiological hazards for 1000 years. This plan is one component of 
the overall site decommissioning plan. The purpose is to provide a plan for the 
remediation of the windblown tailings, effluent contaminated soils, and soils 
contaminated by license activities that originated from the milling operation and 
disposal area. Further, it will allow the licensee to demonstrate that the cleanup 
plan was successful in remediating the contaminated soils to comply with the 
proposed release criteria. Staff finds reasonable assurance that the applicant 
has met its responsibilities under the provisions of 10 CFR Part 40 and will 
recommend approval the plan. 

LIST OF PREPARERS 

This EA was prepared by Michael Raddatz, Project Manager, Fuel Cycle 
Facilities Branch, Division of Fuel Cycle Safety and Safeguards, Office of 
Nuclear Material Safety and Safeguards. 
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Comments Received on Draft EA 
AGENCY 

NMED - Received April 24, 
2006 via E-Mail 

Comment 1 

COMMENT 

NMED recommends that the 
Plan provide details about the 
extent of excavation and 
removal of contaminated soils. 
such as a specified maximum 
depth or minimum concentration. 

RESPONSE 

RAM has provided depth and 
concentration clean-up criteria for 
radiological constituents in surface 
soils in Section 5.1 and Table 5-1 of 
the Consolidated Plan. The typical 
excavation depth in areas associated 
with windblown deposited tailings is 
less than six inches (Plan Section 
7.1.1). For areas of deeper soil 
contamination. Alternate Release 
Criteria have been applied as 
described in Section 5.2 based on 
site-specific dose modeling. 
Regardless of these specific criteria, 
excavation and removal of 
contaminated soils will not proceed 
beyond bedrock depth. 
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Comment 2 NMED recommends that the 
Plan propose a minimum 
thickness of 3 feet of clean fill 
material (e.g. unimpacted 
Mancos Shale) that will cover 
any area identified with deeper 
soil contamination that will not 
be removed. 

RAMs design criteria was based not 
only on assuring protection of human 
health and the environment but the 
Plan also achieves long term stability 
of the site. FiAMs design objective 
was to preclude the need for on-going 
maintenance of the design elements. 
The current design will provide 
positive drainage in this area. 
Placement of superfluous soils over 
these areas would change the 
geomorphic profile of the area by 
creating topographic highs and 
potential water collection areas 
resulting in on-going maintenance 
requirements associated with 
wind/water effects. 

RAM has performed site-specific 
dose modeling in areas of deeper soil 
contamination and applied 
appropriate cover thicknesses to 
ensure protection of human health 
and the environment as measured by 
compliance with the benchmark dose. 
Further, long-term erosion modeling 
(Attachment B ofthe Consolidated 
Plan) has led RAM to propose 
application of a gravel mulch to the 
surface of evaporation ponds 4 
through 8 to ensure stability of the 
cover, as described in Section 8.2.2 
of the Consolidated Plan. Approval of 
the Alternate Concentration Limits for 
the Ambrosia Lake incorporated 
NMED concerns and addressed 
potential surface and groundwater 
impacts attributable to licensed 
material. 

Comment 3 NMED recommends that the 
Plan propose surface grading 
designs to provide positive 
drainage away from covered 
areas with contaminated soils. 

Please refer to response to NMED 
Comment #2. 
The Soil Plan is one component of 
the overall site closure process. 
Surface drainage features have been 
incorporated into the overall plan to 
ensure site stability and preclude 
on-going site maintenance. The 
purpose of these design features, 
which include diversion channels, 
surface grading, and placement of 
erosion protection, is to manage and 
control surface water from impacting 
the long term stability of the site. 

• 
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Comment 4 NMED recommends that non 
radiological contaminants such 
as chloride, sulfate, nitrate, total 
dissolved solids, and other 
parameters be considered in the 
cleanup criteria when assessing 
areas with soil contamination. In 
the form of Rio Algom Mining 
LLC License SUA-1473 -
Docket 40-8905 

leachate in contaminated soils, 
both the radiological and non 
radiological contaminants may 
move directly or indirectly into 
groundwater, and many of the 
non radiological contaminants 
may travel a greater distance in 
the subsurface than the 
radiological parameters. 

The typical excavation depth that 
RAM will utilize in areas associated 
with windblown deposited tailings is 
less than six inches. This excavation 
depth will be successful in removing 
both the radiological byproduct 
material as well as the 
non-radiological byproduct material. 
More importantly, approval of the 
Alternate Concentration Limits for the 
Ambrosia Lake incorporated NMED 
concerns and addressed potential 
surface and groundwater impacts 
attributable to licensed material. 
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Geomorphic Evaluation of Arroyo del Puerto Drainage 
Ambrosia Lake Area 

Prepared By: 

Jerry Lindsey 
AMEC 

July 2007 

Geomorphic Setting 

The Rio Algom Mining LLC Ambrosia Lake site is located in Section 31, T 13N, R9W in 

Ambrosia Lake valley. New Mexico. The valley trends with the strike of the Cretaceous 

formations at the south edge of the San Juan Basin with strata dipping about 2 degrees 

northeast Into the basin. Resistant strata of the Mesa Verde Group forms a high cuesta, 

called San Mateo Mesa, on the northeast side of the valley and lower Cretaceous strata 

of the Dakota and resistant sandstone members of the Mancos Shale form a similar 

cuesta, Mesa Montanosa, on the southwest side to bracket the valley. The valley has a 

width of about 7 km (4.3 miles wide) and slopes to the southwest at 1.1 degrees, the 

opposite direction of the dip of the strata. The Arroyo Del Puerto follows the southwest 

side of the valley, and trends southeast toward the confluence with San Mateo Creek at 

the southeast end of the valley eventually converging with the Rio Puerco about 65 km 

(40 Miles) southeast of the site. The San Mateo Creek flows south across a broad 

valley through the Homestake uranium mill and tailings site where the slope of the 

drainage ranges from .005 to .003 in near playa conditions. Protection against erosion 

there would prevent migration of nick points upsteam that might destabilize the Arroyo 

Del Puerto. 

Mining and milling of uranium ores began in the late 1950's and early 60's resulting in 

some diversion of local drainage to protect tailings piles and mine. As many as 24 

mines were operating in the valley at one time operating at depths from 170 to 450 m 

(560 to 1500 feet) depths (DOE, UMTFIA, 1990). The Phillips-United mill and tailing site 

in section 28 has been remediated (DOE UMTRA -1990) and the Rio Algom milling site 

is in closure action in accordance with Nuclear Regulatory Commission criteria. All the 

underground mines have been filled and stabilized. 



Geomorphic Evaluation - Arroyo del Puerto 
Ambrosia Lake Facility, New Mexico 

The valley has no native trees and presently has a moderate cover of native grass. 

Cattle grazing is the main use of the land in the upland part of the basin. There is no 

agricultural use of the land. As a policy, the USDA and State Soil Conservation has not 

made soil maps of the valley because of its previous use for mining and milling of 

uranium (USDA web site). Regionally, the age of deposition of the oldest Holocene 

alluvial and eolian units has been estimated to be between 2,500 to 7,000 years old and 

the youngest developed soils are estimated are no greater than 2,300 years based on 

soil development and radiocarbon dates (Wells et al, 1983). A map of the valley and 

location ofthe Rio Algom site is shown in Figure 1. The map shows 1957 drainage with 

mines and mill locations photo-revised to 1980. 

The geomorphic processes upgradient from the site consist of sheet flow and 

ephemeral channel flow, and wind erosion and eolian deposition. Mine dewatering has 

occurred as recently as 2005 utilizing pipelines, treatment ponds and infiltration system 

rather than overtand flow. A secondary process is the high infiltration rate of the thick 

surficial alluvial deposits that significantly reduces the potential for gullying. The 

drainages throughout the lower valley are poorly defined however one area in the upper 

portion of the drainage basin shows severe gullying of playa type soils, with piping and 

caving of banks. The incised drainage was down stream from a breached cattle pond 

with slopes ranging from 0.02 to .04 ft/ft. This area is in section 18, 4 - km (2.5 miles) 

north of the project site. This condition was also observed during restoration of the 

Phillips-United mill and tailing site (DOE, UMTRA, 1990). 

Vallev alluvium and basin slopes 

The lack of gullying in the lower Ambrosia Lake valley has been described in the 

remediation of the nearby Phillips-United tailings pile in Section 28 (DOE, UMTRA, 

1990), which obsen/ed that highly permeable surface materials have resulted in rapid 

infiltration rates with very little surface runoff. Directly upslope from the Arroyo Del 

Puerto drainage in the northeast quarter of section 31 where the diversion channel is 

proposed the slope progressively decreases from .0175 to .0155, to .010 ft/ft over a 

distance of one mile. The high Infiltration rate should be considered in the channel 

design for PMF storm event. 

Rio Algom Mining LLC. SUA-1473 Page 2 
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The Arroyo Del Puerto is the only well defined channel in the lower part of the basin. 

Tributary channels are poorly defined as a result of a lack of flow concentration caused 

by infiltration and dissipation of runoff. Encroachment ofthe arroyo against the resistant 

bedrock outcrops is the cause of flow concentration and channel development along the 

course ofthe drainage. 

The soil associations mapped by the Soil Consen/ation Service (1967) indicates that the 

lower part of the valley adjacent to the Arroyo Del Puerto is the Lohmiller-San Mateo 

soil association. This map, presented in DOE, UMTRA (1990), is shown in Figure 4. 

The soil is described as derived from sandstone and shale bedrock, about 60- inches 

(150- cm) deep and consists of loam, clay loam, sandy loam and clay and is often 

stratified. This soil series is not defined in nearby basins by more recent Soil 

Conservation soil map (USDA website). Observation of this mapped area indicates that 

it was intended for basin fill slopes of 0.015 ft/ft or less in the lowest part of the valley 

bordering Arroyo Del Puerto, and has very little clay content. An example of this slope 

under relatively undisturbed conditions is shown in Figure 5 (Photo No. 5). There is no 

apparent development of clay crusts that would promote runoff as consequence of lack 

of intense rainfall to develop the crust, and perhaps lack of available clay in the upper 2-

cm as indicated by Duffy and Gardner (1983). Impact of rainfall may be inhibited by 

moderate to sparse vegetation cover. 

The orientation of Ambrosia Lake valley, northwest to southeast, is considered 

favorable for deposition of windblown dust from prevailing southwest and westerly 

winds, as a result of its high cliff faces on the southwesterty cuesta escarpment. A high 

percentage of reworked eolian material would explain why the alluvium has a higher 

permeability rate than would occur by sediment derived from bedrock highlands alone. 

In the adjacent Chaco Canyon basin, Duffy and Gardner (1983) observed that typically 

deep and well vegetated eolian deposits which blanket the bedrock and uplands 

surfaces are less prone to erosion. Studies have shown a strong correlation between 

less permeable soils and increased ephemeral discharge and the relevance of 

infiltration behavior in examination of the overland flow process. Rapid incision is 

Rio Algom Mining LLC. SUA-1473 Page 3 
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predominantly associated in Chaco Canyon with valley fill deposits where valleys are 

drained by a central channel. Such erosion can be the result of: man induced changes, 

primarily mining and overgrazing; secular climatic variations in rainfall; and changes in 

rainfall distribution. In San Juan basin the impact of these factors is seen as reduced 

infiltration where channeled flow predominates. Recent studies of soils in a semi-arid 

climate conclude that porosity, texture of top 7 centimeters, the percent of bare surface, 

and the percent of crown cover are the predominant factors influencing infiltration 

characteristics. (Duffy and Gardner, 1983). 

A map of the drainage basins, provided by Tetra Tech, shows that the slopes in 

subbasin 4B directly upslope north of Pond No. 1, are less than .010 ft/ft (1.0 percent) 

over a linear distance of 4,570 m (14, 990 feet), and 4,865 (15,964 feet) measured 

along the thalweg center of drainage. The lowest slope measured is 0.005 or Va percent 

grade. This area of 1.0 percent (or less) slope provides a buffer area around the north 

side slope where drainages are pooriy defined and infiltration is most likely to occur 

before entering the flow concentration of the diversion channel. The slopes on the 

north 60 percent of the basin reach gradually increases to a maximum of 0.032 near the 

drainage divide a distance of 10.2 km (6.3 miles) from the diversion channel at the north 

site boundary of Section 31. Sub-basins 4C and 4D are shorter and have higher slopes 

on the flanks of San Mateo Mesa but the "buffer" zone near the site shows similar low 

slopes. This zone, directly upslope of the proposed Option 2 diversion ditch that 

delineates an area where the slopes are less than 0.013 is shown on Figure 6. The 

area is characterized by pooriy defined channels, deposition exceeds erosion, and 

infiltration is expected to have a substantial influence on runoff contributions to Arroyo 

Del Puerto. The channel Of Arroyo Del Puerto becomes recognizable only where it is 

adjacent to bedrock outcrops or where the runoff from bedrock is more appreciable than 

in the valley basin areas. 

Rio Algom Site Area 

The area around the Rio Algom site is shown in Figure 2. The original channel of 

Arroyo Del Puerto (blue) goes across the site from northwest to southeast with the lower 

portion of the channel offset by construction of Tailings Impoundments 1 and 3. The 

Rio Algom Mining LLC. SUA-1473 Page 4 
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original channel was essentially the boundary between bedrock (southwest) and 

alluvium (northeast), except where lateral drainages joined the arroyo. A mine water 

discharge ditch was constructed which was also used to divert potential flows in the 

arroyo around the site (green). Under Option 2, potential flows in the Arroyo Del Puerto 

would be diverted by placing a diversion channel with the berm upslope of former waste 

ponds 4, 5, and 6 starting at the northwest approach of the original channel to the site. 

The outlet of the diversion channel would be to the Arroyo Del Puerto channel adjacent 

to Pond 9 (just off of Figure 2 to the south). The approximate berm location is shown by 

cross-hatching; its channel will have an approximate average slope of 0.05 ft/ft. 

Arroyo Del Puerto enters the site from the west where it crosses the Rio Algom Access 

Road. Figure 3 (Photo No. 1) shows the down stream channel and the pipeline that 

was apparently used to import mine water to the treatment ponds prior to being 

discharged in the infiltration ditch. Immediately west of that crossing, two shallow 

tributaries are indicated on the topography map from the north and south to converge 

on the main drainage. There is little evidence of these tributaries today. The channel of 

Arroyo del Puerto is a vegetated swale about 3 feet deep and is free from gully incision. 

The lower reach of this drainage has been diverted from its original course by the 

construction of the infiltration ditch. The original drainage meandered between the two 

largest waste piles and cut off the northeast 1/4 of section 31. 

Mine water discharge was a factor in creating bank erosion of channels in adjacent 

basins as reported by Mills and Gardner (1983). The history of dewatering of the mines 

is not well known across the valley here but the mine water discharge upstream from 

the site has evidence the water was piped to treatment ponds rather than being 

released into drainages. 

Mine Water Discharge Ditch 

In order to restrict the ground water contaminants from migrating north and east of 

section 31, a ditch was dug on the north and east boundaries of section 31 to maintain a 

"water mound" of perched contaminants towards the interceptor trench at the toe of 

Pond 3. The ditch is indicated in Figure 2 showing the point of discharge. The mine 

Rio Algom Mining LLC. SUA-1473 Page 5 
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pumping at section 30 West stopped in December 2005, and the ditch pumping stopped 

in eariy 2006 with intermittent pumping through 2006. On the north side near the 

discharge the water level was within 5 feet of the surface. The water level declined to a 

current depth of 36 feet in well 31-05 when pumping ceased at the end of 2006. 

A footprint of the recharge mound indicated that the mound was spread around the 

north side ditch as far as 520 m (1700 feet) but dissipated rapidly on the southward leg. 

(Maxim, 2001). This methodology illustrates both the infiltration capacity ofthe alluvium 

and the storage capacity of an underiying paleochannel to handle large quantities of 

surface water infiltration. 

The infiltration ditch along the north side section line is about 3 feet deep and is shown 

in Figure 7 (Photo No. 3). The ditch on northeast section line was dug to about 8 feet 

below natural grade. Presently a portion of the original arroyo channel is being 

excavated to remove contaminated soils and the excavation reveals the sandy silt, as 

shown in Figure 8 (Photo No. 2) that is typical of the upper 37 feet of this alluvial 

deposit. A grain size analysis shows 100 % passing the No. 40 sieve and 51 to 67% 

passing the No 200 sieve resulting in a soil classification as a fine sandy silt. A 

borehole log of well no. 31-05 at the northeast corner section 31 shows 37 feet of this 

sandy silt, called "blow sand" underiain by another 41 feet of mostly sand and fine 

gravel with minor lenses of sandy clay. The gravelly alluvium is not locally seen but was 

noted in some terrace deposits in Section 28 near an older channel (DOE, UMTRA, 

1990) and was thought to be derived from the Gallup Sandstone that outcrops in San 

Mateo Mesa to the northwest. In the Groundwater ACL Application for Rio Algom 

(Maxim, 2001), approved by the NRC, the alluvium was modeled using a hydraulic 

conductivity of 18 ft/day (or approximately 1 X 10'̂  cm/sec). 

Arrovo Del Puerto Paleochannel 

Jhe existence of the paleochannel inJba-\<allev-alluvJuCT-4s-apparent from tho migration 

of drainage down slope toward the southwest impinging against the resistant bedrock 

benches that underiie the main waste pile and Rio Algom facilities. This was also 

documented by Kerr-McGee Nuclear Corp (1980) and referenced by DOE UMTRA 

Rio Algom Mining LLC. SUA-1473 Page 6 
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(1990) as shown in the cross section in Figure 9. This paleochannel is an ancestral 

drainage of the Arroyo Del Puerto. An isopach map that defines a paleochannel in the 

Phillips/United mill tailings pile (DOE, UMTRA, 1990) in section 28, shown as Figure 10, 

upslope from the Rio Algom main pile, indicates a channel incised in the bedrock 

trending southwest. The trend would make it a tributary to the main southeast trending 

paleochannel in south V̂  of section 32. This suggests that it is likely there are other 

lateral tributaries incised in the Mancos Shale bedrock surface to form an under drain 

for the valley. One account reported an alluvial thickness of 100 feet near the Arroyo 

Del Puerto (Purtymun et al, 1977). 

Bedrock Outcrops 

The bedrock benches on the high ground immediately bordering the south side of 

Arroyo Del Puerto as defined by topographic contours shown in Figure 2, form the 

foundations for Pond 9 and the former Rio Algom facilities. Figure 9, cross section 

shows the resistant sandstone members of the Mancos Shale called Tres Hermanos 

(C) and Tres Hermanos (B) with interbedded shale forming the outcrops. The upper 

portion of Figure 9 shows the outcrops with respect to outline of Tailings Impoundments 

1 and 3. A photograph of typical bedrock outcropping, in the south half of section 31 

(north of Tailings Pond 1) is shown in Figure 11 (Photo No 4). This high ground is an 

erosional feature resulting from channel development of the ancestral arroyo that 

formed the paleochannel and the present day drainage impinging against the resistant 

outcrops. 

Conclusions 

The geomorphic processes that most affect the Option 2 plan appear to be mitigating 

factors for supporting the stability of the proposed diversion channel. The lack of 

gullying in the most prominent drainages is a result of a high infiltration rate because of 

low slope gradients and deep permeable soils. The potential for infiltration is matched 

by a high capacity of storage evident by the granular fill in the underiying broad 

paleochannel. It is expected that infiltration could result in a substantial loss of runoff for 

a PMF. 

Rio Algom Mining LLC. SUA-1473 Page 7 
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The fine grained, low plasticity soils in which the channel is founded may result in local 

minor sedimentation that could mostly fill the interstices of the rock erosion protection 

but as a consequence of its fine grain and lack of cohesion/cementation should be of 

negligible consequence to any significant run-off event. It is unlikely that sedimentation 

of native coarse sand or gravel that might form deposits resistant to runoff will occur 

since there are no sources for such material. 

Sedimentation of Arroyo Del Puerto valley has been in progress for at least 2500 years. 

Long term geomorphic stability of the valley is dependent on the stability of San Mateo 

Creek down stream from the site, is in near playa conditions. The stability of that valley 

has an added protection with the clean-up conditions of the Homestake mill and tailings 

site. 

Rio Algom Mining LLC. SUA-1473 Page 8 
Ambrosia Lake, New Mexico Docket #40-8905 July 07 



% 

•̂V»),̂ )vf' 

,« -T j—.^ . ' . - ' i >^- j , - > 

PtiOtO No.. 3 LoolkftTg c a R fPCM* ItaNM roatf. nor th boundary ftrr* Sect ion 31 

' • r%fc i " ^ ' i - ^ 

# 

7 IMFITTWTKJM DfTCH iUSED FOR WKTER MOUNOIN0 



• • • " - - * ; - - • 

iiiuiiibers imticac» arcs sizv m squarir rn4t«» 

= apprcm maut Jamm^mjf whsrtt. ^cp« i$ ticis than . 913 flMPnMMliiirgi 
mfereefX diycmiM Ommtli.. TJtiis defines m area wlwredra&nge 
i« pooniy ctefctnl and HriGMnMlcMii irntA d t^ i ^ aitiuwial̂  >di»pa»il» ii» at a maamnMt 

Fl GURE 6 DRAJNA&E BAStKS FOR RIO ALGOM STFE 



% 

PliTOto rm. 5, foettrng souHNi kmearot AumfO' CM Pu«m» dh»naQr 
Slop« F» 0 OtO ftnt 0 ,0 Pmrtmt^ 

9 FIGURE 5 TYPICAL SHEET FLOWStOPE UPeHMfNENT FROM PROPOSEO DIVERSION CHAimEL 



SOILAS®QCiAnOM5 
t LA» Lwcii^-uTiC'i^eaaATO 
« vommmAJtm-90M IHATCO 

» aocK wAM^-raAvcaaiuji 

4 aOCK LAM»--aOH» 
s NAaeaiifA»-TBAircsaK.tA 

Retenmor U. S. Sdil GsnaervalorTCdrip. 

acAU( f« KitOMrrcaa 

FK6URE 4 s o n . MlAP OF /MMBROSIA LAKt VALLEY NEW WEXfCO 



% 

ePHOTONOn 

FIGURE 3 VIEW OF ARROYO Oa^PUEirrOijOOKIMG EAST FROM RIO ALGOM ACCESS ROAO 

9 



Photo *! 

—• Afroyo del Puerco 
.«» Infiltration ditch for water mounding 

Note: locations of photographs are indicated by arrows 
Note: The lower reach of Arroyo Del Puerto as shown has been straightened 
and moved east from bedrock encroachment 

FIGURE 2 SITE PLAN SHOWING PROPOSED OF^TION 2 DIVERSION CHANNEL 
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Reference: USGS topographic map, Ambrcwia Lake Quad. 

1957, photo enhanced 1 9 ^ . 

FIGURE 1 RIO ALGOM SITE IN AWBROSIA LAKE VALLEY, NEW MEXICO 
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^ 1.0 Introduction 

In January 2007, INTERA Incorporated (INTERA) was retained by United Nuclear Corporation 
(UNC) to complete the requirements of the Section 27 Mine Stage 1 Abatement Plan (Stage 1 
Plan) (Montgomery Watson Harza [MWH], 2006). The Section 27 Mine Stage 1 Abatement 
Investigation Report (Stage 1 Report) provides the methodologies, results, and conclusions 
developed by INTERA for the Stage 1 Plan. A site location map for the Section 27 Mine is 
provided as Figure 1-1. 

The following key observations led to the development of the conclusions of this report. These 
are discussed in detail in subsequent sections of the report, but are presented here to facilitate 
the reader's understanding of primary themes. 

1. A regional cone of depression resulted from the dewatering of uranium mines within the 
Westwater Canyon Member of the Morrison Formation in the vicinity of Ambrosia Lake 
Subdistrict of the Grants Uranium District. Bedrock units in the Ambrosia Lake Valley 
were essentially dewatered in the vicinity of the mines by pumping that began in the late 
1950s. Since most dewatering was discontinued in 1986, water levels in these units have 
been recovering as ground water flows back into the dewatered areas from the 
surrounding region. Estimates of the amount of time required to repressurize the regional 

"-~\ cone of depression range from several hundred to several thousand years (Bostick, 
^ 1985). 

2. Mine workings in the Ambrosia Lake Valley are interconnected over an area 
approximately 10 miles long and 2 miles wide, providing preferential flowpaths such that it 
cannot be assumed that the movement of ground water is perpendicular to equipotential 
lines. Due to mine dewatering, ground water is and has been in a transient state since the 
onset of mining. Flowpaths have and will continue to change over time and thus, the 
concepts of upgradient and downgradient alter through time, making the precise source 
of any particular constituent indeterminable. In Section 2, we present maps of the 
potentiometric heads in the Westwater Canyon Sandstone at five specific points in time to 
show the variability of ground water flow over the last 25 years. 

3. Consideration of basic principles of geology, hydrology, and geochemistry suggest that 
large water quality variations are possible over very small distances in and near uranium 
ore deposits in the Westwater Canyon Sandstone. Section 3 summarizes the extensive 
literature review and basic concepts that support variability of ground water quality in the 
Westwater Canyon Sandstone. Ground water quality variability is also supported by 
vertical profiling of vent holes at the Section 27 Mine, which is discussed in Section 2. An 
understanding of ground water variability is important because it attests to the non-
equilibrium state of the geochemical system (in addition to the hydraulic part of the 
system), and constrains potential remedial options. 
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1 y 4. Given the changes in flow direction over time, and the number and complexity of geologic 
and geochemical variables that can influence ground water quality, temporal water quality 
trends are evident in data from samples of ground water in mine shafts and vent holes 
that penetrate the Westwater Canyon Sandstone in the Ambrosia Lake Valley. Mine 
dewatering exposed previously unoxidized uranium ore deposits to atmospheric oxygen, 
resulting in oxidation of ore materials and chemical reactions that degrade water quality 
(Section 4.2). Over time, repressurization will fill mine voids with ground water and 
remove the source of atmospheric oxygen, resulting in improved ground water quality and 
a return to pre-mining geochemical conditions in the Westwater Canyon Sandstone. Time 
concentration plots discussed in Section 3.3.1.5 provide evidence that, at many locations, 
the impact of mine dewatering has peaked and water quality is improving. As expected, 
improvements are most apparent in locations where the mine workings are already 
flooded. 

The ultimate importance of the observations outlined above is to support the principle that the 
ground water quality issues in the Ambrosia Lake Subdistrict must be viewed as a whole. 
Ignoring the interconnected nature of mine voids in the Ambrosia Lake area by focusing on the 
Section 27 Mine investigation results in isolation may lead to erroneous conclusions. 

1.1 Background 

( J The Section 27 Mine is an underground uranium mine in southern McKinley County (Figure 1-1) 
that was operated in the 1970s by UNC, pursuant to a mineral lease. UNC closed the mine in 
the'late 1980s and conducted reclamation activities on all of its nearby private land holdings. 
The lease was surrendered in 1988 and closure activities were conducted that same year; 
however, the owner of the Section 27 leased land did not give UNC permission to conduct 
reclamation on the leased areas. 

On September 1, 2004, the New Mexico Environment Department (NMED) Ground Water 
Quality Bureau (GWQB) issued a letter to UNC requesting a Stage 1 Abatement Plan Proposal 
for the Section 27 Mine (Site) in accordance with 20.6.2.4106 New Mexico Administrative Code 
(NMAC). The following issues were identified in the NMED letter and in personal 
communications with NMED (MWH, 2006): 

• Potentiometric data in the Groundwater Quality Technical Memorandum (MWH, 2004) 
may not represent current conditions at the Site. 

• Additional data and analyses are required to demonstrate current water quality 
conditions in the Westwater Canyon Member at the Site. 

UNC submitted a draft Stage 1 Plan to NMED in November 2005 and NMED responded to this 
draft with the following comments: 
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^ • The basis and purpose of the Stage 1 Plan must be to assess current ground water 

conditions. 

• Section 20.6.2.4103.C NMAC requires surface water to be included. 

• Ground water sample collection needs to be performed in all three vent holes (VHs). 

• Purge water cannot be put back into the vent holes. 

• A more specific materials characterization plan needs to be included. 

UNC responded to these issues and developed the final Section 27 Mine Stage 1 Abatement 
Plan Proposal (Stage 1 Plan), September 2006 (MWH, 2006). On October 13, 2006 NMED 
conditionally approved this Work Plan on the following conditions: 

• Additional site characterization activities may be required if sufficient data are not 
collected to allow for the identification of the extent and magnitude of the ground and 
surface water quality conditions as well as characterization of the hydrogeology of the 
Site. 

• All data generated from the materials characterization is to be included in the Stage 1 
Plan. 

• Reduction/oxidation potential (Eh) and dissolved oxygen (DO) must be included in the 
field parameter list and measurement of these parameters must occur at all sampling 
locations. 

• Total suspended solids and manganese need to be added to analyte list. 

• The Stage 1 Plan shall include the following: 

- Water sampling logs 

- Survey data including reference points for vent holes/shafts, elevations and 
coordinates, and water table elevations 

- Site map with sampling locations and a water table elevation map 

- Analytical data including soil sample data and ground water analyte 
concentration data (including copies of the original laboratory data sheets) 

- Short description of field activities conducted to that point including 
observations noted during sampling activities and an interpretation of the 
geology and the hydrology of the Site 

- Discussion of assessment activities including any findings and interpretation of 
the data collected ^ 
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1 All of NMED's issues and requirements are addressed in this report with the following 
exceptions: 

• Section 20.6.2.4103.C NMAC requires surface water to be included. There is no surface 
water in the vicinity of the Site; therefore, no surface water samples were collected. 

• A more specific materials ctiaracterization plan needs to be included. NMED has been 
provided a copy of the Section 27 Materials Characterization Plan by the Mining and 
Minerals Division (MMD) of the New Mexico Energy, Minerals and Natural Resources 
Department (NMEMNRD). 

• All data generated from ttie materials characterization is to be included in the Stage 1 
Plan report. As agreed to by the NMED Section 27 Project Manager, Mr. Jerry 
Shoeppner, the materials characterization data will be provided in a separate report that 
will be made available to NMED. 

1.2 Site Description 

The Site is located in the southern half of Section 27, Township 14 North, Range 9 West, 
approximately 35 miles north of Grants, New Mexico. The mine lies within the Ambrosia Lake 
Valley, a broad, elongate valley that was once the site of some of the most productive uranium 
mines in the U.S. and remains undercut by layers of mine workings. The Site is located 

v) approximately 1 mile east of the Phillips Petroleum Ambrosia Mill Site and numerous 
decommissioned mines and mills as well as ore and tailings piles are located within a 7-mile 
radius (Figure 1-1). 

As illustrated on Figure 1-2, the Site contains a number of features; those important to this 
Stage I Plan include: 

Two vent shafts 

Three vent holes 

Two small piles of non-economic mine materials (overburden rock) 

Sand and gravel 

One small ore stockpile 

Two topsoil stockpiles 

Several small piles of ball mill reject materials 

The Site is currently inactive and encompasses approximately 14 acres. The surface rights are 
currently held by Kent Schmitt and Hecia Mining Company owns the mineral estate (MWH, 
2006). The Site is surrounded by numerous former mine sites and a mill site. Mine workings are 
known to be connected from one end of Ambrosia Lake Valley to the other. 
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1.3 Site History 

Mining began at the Section 27 Mine in 1966 with the sinking of Shaft no. 1 and was 
accomplished by conventional room and pillar methods. UNC produced uranium ore from the 
Site from 1970 to 1977 (MWH, 2006). Mining was fully suspended by 1980. 

UNC closed the mine in the late 1980s in accordance with requirements of the mining leases 
and mine safety regulations. The closure activities included the removal of stockpiled ore, 
buildings and machinery, and the sealing of shafts and vents. UNC also conducted voluntary 
reclamation activities at the nearby Sandstone Mine and all of UNC's land holdings in Section 
27. On the leased lands where the Site is located, UNC was not given permission by the 
landowner to perform similar reclamation activities. 

The mineral lease that included the Site area covered approximately 200 acres in the south half 
of Section 27; the lease was sold in 1988. Surface ownership at the mine is currently held by 
Kent Schmitt. Ownership of the mineral estate is held by HecIa Mining Company (MWH, 2006). 

1.4 Site Conceptual Model 

1.4.1 Physiography and Climate 

The Section 27 Mine lies on the southern edge of the San Juan Basin portion of the Colorado 
Plateau, a large physiographic feature that dominates the four-corners region of the southwest. 
It lies within the Ambrosia Lake Valley and the Arroyo del Puerto drainage basin. 

The regional climate is classified as semiarid.and continental; site-specific climate data are not 
available. The Ambrosia Lake Valley area typically has large diurnal temperature variations with 
a mean daily average temperature in San Mateo, NM of 49.2 degrees Fahrenheit (°F). 
Temperature varies with elevation, with typical winter values below 0°F and summer 
temperatures as high as 100°F. 

Regional precipitation also varies with elevation, ranging from less than 10 inches per year in 
the valleys to over 20 inches per year at the summits. Summer precipitation typically falls during 
short-duration, high-intensity thunderstorms. In winter, precipitation generally falls as snow. The 
mean annual lake evaporation for the area is 54 inches. 

Winds blow predominantly from the west and north-northwest. The average wind speed for all 
wind directions is 9.3 miles per hour. 

1.4.2 Geology 

The Site is located within the San Juan structural basin, which covers approximately 21,600 
square miles primarily in northwestern New Mexico, with smaller portions in adjacent parts of 
southwestern Colorado and northeastern Arizona. It is about 140 miles wide and 200 miles long. 
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r ' The basin is bounded by structural uplifts on all sides; sags in these uplifts are present in each 
of the basin's four corners. The structural center of the basin is located beneath the Navajo 
Reservoir in the northeastern part of the basin. Up to 14,400 feet of sedimentary rocks ranging 
in age from Devonian to Tertiary fill the basin (Craigg, 2001). These rocks dip into the basin 
relatively steeply on the north, west, and east margins of the basin and less steeply along the 
south margin. The older rocks crop out along the basin perimeter and are overiain by 
successively younger rocks toward the center of the basin. The surface in the central part of the 
basin consists of relatively flat-lying sedimentary rocks; portions of the basin are covered with 
alluvium and basalt flows (Figures 1-3 and 1-4). 

1.4.2.1 Stratigraphy 

The area of interest for this Stage 1 Report consists of sedimentary rocks of Upper Jurassic 
through Tertiary age, including the Morrison and younger formations. This section of the 
stratigraphic column, depicted on Figure 1-5, is up to approximately 8,500 feet thick. The 
following descriptions of the key geologic units that occur in the Site vicinity are taken primarily 
from more lengthy descriptions provided by Craigg (2001). 

Morrison Formation. The Westwater Canyon and Brushy Basin are the uppermost two 
members of the Morrison Formation. The Westwater Canyon Member is present throughout the 
San Juan Basin at thicknesses that range from about 100 feet on the northern, eastern, and 
southern sides of the basin to about 300 feet in the southwestern-central part of the basin. It 
consists locally of conglomeratic sandstone interbedded with sandstone, shale, and claystone; 
the proportion of sandstone and the grain size of the sandstones decrease toward the 
northeast. The Brushy Basin Member, consisting mainly of calcareous and bentonitic claystone 
and mudstone, is also present throughout the basin. Its thickness ranges from about 80 to 250 
feet and is commonly about 185 feet in the San Juan Basin. The Brushy Basin Member was 
removed from the southwestern corner of the basin by erosion that occurred before the 
deposition of the overiying Dakota Sandstone. 

Dakota Sandstone. The Dakota Sandstone overiies the Morrison Formation throughout the 
San Juan Basin. It consists of a basal section of sandstone and conglomeratic sandstone 
overiain by a middle section of siltstone, shale, and lenticular sandstone beds and an upper 
section of fine-grained sandstone interbedded with shale. The Dakota Sandstone ranges from 
10 to about 500 feet thick and is commonly 200 to 300 feet thick. The thickness generally 
increases from the northern and western margins of the basin toward the eastern and southern 
margins. 

Lower Mancos Shale. The lower part of the Mancos Shale is present above the Dakota 
Sandstone throughout the basin, intertonguing with sandstone units of the Mesaverde Group at 
some locations. In the north, the main body of the Mancos Shale is up to about 2,300 feet thick. 
The aggregate thickness of the Mancos tongues in the southern part of the basin is about 1,000 
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feet. The Morrison Formation, Dakota Sandstone, and Mancos Shale are exposed in outcrop 
directly southwest of Ambrosia Lake Valley. 

1.4.2.2 Mineral Deposits 

The Site is located in the Ambrosia Lake Subdistrict of the Grants Uranium District. Uranium 
deposits in this district are part of the larger Grants Mineral Belt that extends for over 100 miles 
along the southern margin of the San Juan Basin (Figure 1-4). Ore deposits along this 10- to 20-
mile-wide feature occur from the land surface to depths of over 4,000 feet (Chenoweth, 1977). 
These deposits are irregular in shape and range from a few feet in length and width to mile-long 
masses that exceed 30 feet in thickness (Chenoweth, 1977), commonly parallel to paleostream 
channels. They are generally found in confined sandstone aquifers where ore deposition may 
be the result of aqueous transport of soluble uranyl carbonate species (U02(C03)2^', 
U02(C03)3'*). Where reducing conditions are encountered in the sandstone unit (Westwater 
Canyon), precipitation of uranium(IV) minerals occurs in a mineralized "front." 

Principal uranium minerals found in the Ambrosia Lake mines include coffinite (U(Si04)i.x(OH)4x), 
carnotite (K2(UO2)2(VO4)2-3H20), tyuyamunite (Ca(UO2)2(VO4)2-5-8H20), and andersonite 
(Na2Ca(UO2)(CO)3-6H20) (Longmire et al., 1984; Granger, 1968; Squyres, 1970). The 
mineralogy of the host rock consists of quartz, potassium, and sodium-rich feldspars, kaolinite, 
montmorillonite, illite, chlorite, mixed-layer clay minerals, hematite, magnetite, and pyrite 
(Kendall, 1971; Squyres, 1970). Uranium deposits are also enriched in a variety of other 
elements including arsenic, molybdenum, lead, selenium, thorium, manganese, iron, radium, 
zinc, chromium, cobalt, vanadium, barium, and strontium (Spirokis etal., 1981; Brookins, 1979). 

1.4.3 Hydrogeology 

Figure 1-6 is a schematic hydrogeologic cross section through the San Juan Basin. The 
principal hydrogeologic unit of concern to this Stage 1 investigation is the Westwater Canyon 
Member of the Morrison Formation, which extends throughout the San Juan Basin. In the 
Ambrosia Lake Valley, the thickness ofthe Westwater Canyon is generally between 80 and 180 
feet and that of the Brushy Basin Member is 80 to 100 feet (Stone et al., 1983). 

Locally, in the Ambrosia Lake Valley, the Mancos Shale contains three water-bearing 
sandstones—the Tres Hermanos A, B, and C—that are not present in the rest of the basin 
(Santos and Thaden, 1966). The Brushy Basin Member acts as an aquitard that separates the 
Westwater Canyon Member from the Dakota Sandstone, and the Mancos Shale acts as an 
aquitard separating the Dakota Sandstone from stratigraphically higher water-bearing units 
(Stone etal., 1983). 

1.4.3.1 Ground Water Recharge 

Areal recharge occurs only after near surface processes such as runoff, evaporation, 
transpiration, and sublimation have depleted any precipitation and some small residual amount 
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of water is able to reach the saturated zone. Bedrock units receive recharge where they crop 
out and in higher-elevation areas where they subcrop beneath saturated alluvium (Stone et al., 
1983). Recharge from streamflow losses to alluvium and subsequent downward flow from the 
alluvium to the bedrock units occurs mainly along the northern margin of the San Juan Basin 
where the larger streams draining the San Juan Mountains in Colorado flow across surface 
exposures of the more permeable bedrock units. Recharge from streamflow losses also occurs 
to a lesser extent along the upper reaches of the Rio Puerco, Rio Salado, and Puerco River. 

Regional ground water flow patterns in the deeper aquifers are from the primary recharge areas 
on the flanks of the San Juan Basin toward the basin center and subsequently toward the 
principal locations of discharge: the lower San Juan River in the northwest corner of the basin 
and the Rio Puerco in the southeastern corner of the basin (Stone et al., 1983). A minor amount 
of discharge also occurs to the Puerco River in the southwestern corner of the basin. Discharge 
to streams generally occurs through the alluvium in the river valleys, but ground water also 
migrates from bedrock aquifers to alluvium, where it is lost through evapotranspiration. Regional 
ground water flow patterns in the shallower aquifers (above the Mancos Shale) in the interior of 
the basin follow a similar pattern, but are more strongly controlled by discharge to alluvium in 
the valleys of the Chaco River and its ephemeral tributaries. 

Modeling of steady-state ground water flow in the Jurassic and younger rocks of the San Juan 
Basin by the United States Geological Survey (USGS) (Kernodle, 1996) indicates that flow 
through the regional aquifer system is approximately 195 cubic feet per second (cfs), which is 
about 1 percent of the average annual precipitation in the basin. Kernodle calculated the 
regional mass balance for the ground water flow system to include gains of 135 cfs from 
streambed infiltration, 56 cfs from direct precipitation, and 4 cfs from downward leakage from 
the Chuska Sandstone (which occurs only in the far western portion of the basin; see 
Figure 1-4). These computations indicated that all the water is discharged to the surface-water 
system, with the outflow being equal to the inflow. 

1.4.3.2 Influence of Uranium Mining on Regional Ground Water System 

Uranium was mined from the Westwater Canyon Sandstone over a wide area in the Ambrosia 
Lake Subdistrict. Figure 1-7 illustrates the extensive mine workings that were developed in the 
subdistrict, many of which are known to be interconnected. The Westwater Canyon, the 
overiying Dakota Sandstone, and local sandstone beds in the lower Mancos Shale were 
essentially dewatered in the vicinity of the mines by activities that began in the late 1950s and 
ended by 1986. A regional cone of depression formed within the bedrock units because of the 
presence of vent holes and mine shafts and the dewatering of the mines (Bostick, 1985). 

Since 1986, water levels in these units have been recovering as ground water flows back into 
the dewatered areas from the surrounding area. Ground water removed from the mines was 
discharged to the Arroyo del Puerto drainage system and saturated portions of the formeriy dry 
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alluvium that fills the valley cut into the bedrock units. Some of that water re-entered the 
bedrock through downward seepage into underiying sandstone units, and some re-entered 
through mine shafts and vent holes penetrating the alluvium. 

1.4.4 Geochemical Setting and Ground Water Quality 

In the Ambrosia Lake Valley, where the primary ore-bearing unit is the Westwater Canyon 
Sandstone, some water quality data is available from areas adjacent to the mines. However, 
regional data to characterize ground water quality are sparse (see Section 3 for more discussion 
on regional water quality data). Although ground water from the Westwater Canyon Sandstone 
is used for industrial, agricultural, and domestic purposes in areas of the San Juan Basin, 
overall development of this ground water resource is limited, as are associated water quality 
data. In part, the lack of data about this aquifer is due to the depth of its occurrence in much of 
the basin (Longmire, 1983). Primary sources of available ground water quality data include the 
USGS (Dam, 1992; Kernodle, 1996), the New Mexico Bureau of Mines and Mineral Resources 
(NMBMMR) (Stone et al., 1983), the NMED (Longmire et al., 1984; Goad et al., 1980; Gallaher 
and Cary, 1986; and Bostick, 1985), and others as discussed further in Section 3. 

The behavior and transport characteristics of uranium, iron, and sulfur species are primary 
influences on ground water quality at Ambrosia Lake mines. Where reducing conditions are 
encountered in the sandstone unit (Westwater Canyon), precipitation of uranium(IV) minerals 
occurs in a mineralized "front" (see Map 3, McLemore and Chenoweth, 1991). 

The process of mine dewatering may have introduced oxygen into previously reduced ore zones 
in the Westwater Canyon Sandstone causing uranium to be oxidized to the hexavalent (VI) 
state, forming a uranyl ion (U02^*) in the process. Uranium is more soluble in oxidizing 
environments than in reducing environments. Ground water quality in mine voids is highly 
sensitive to small variations in the amounts of both pyrite and oxygen that are available for 
reaction. Both constituents have an effect on reduction-oxidation conditions. Therefore, small 
variations in these factors at or within a given mine may result in highly variable ground water 
quality. 
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1 3.0 Regional Ground Water Evaluation 

3.1 Regional Ground Water Data 

The Site lies in the Ambrosia Lake Subdistrict, a region of interconnected mine workings; 
therefore, the water quality evaluation includes comparisons of Site data to data from nearby 
locations. The purpose of this review is to provide a baseline database against which data 
collected from the Site can be compared. This is necessary to characterize ground water quality 
conditions at the Site, as required by the NMED. 

Mining began in the Ambrosia Lake Subdistrict before the importance of establishing baseline 
conditions was recognized. Consequently, data that would help define the conditions that 
existed before the advent of mining activities are sparse. Further complicating the effort is the 
fact that the Westwater Canyon Member is a heterogeneous, ore-bearing aquifer, which exhibits 
significant variability in matrix composition and water quality, even across short distances. This 
variability makes it difficult to establish meaningful baseline values at a regional level. 

That being said, as required by the approved Stage 1 Plan, INTERA developed a database of 
existing water level and water quality data in the region as a baseline for the comparison of 
Section 27 water level and quality data. This database, referred to as the Section 27 baseline 
database, contains regional information from published and unpublished sources, including the 
following: 

• Department of Energy 

• Nuclear Regulatory Commission 

• New Mexico Environment Department 

• Environmental Protection Agency 

• United States Geological Survey 

• New Mexico Bureau of Mines 

• University theses on issues related to uranium mining and milling in New Mexico 

• General scientific literature 

As requested by UNC, INTERA performed a review of these sources to obtain ground water and 
surface water data for the Ambrosia Lake Valley area and developed the database described 
further in Section 3.2. The reference list provided in Section 5 includes all data sources used to 
develop the baseline database. The following discussion summarizes the main objectives and 
conclusions provided in some of the more significant data sources; this discussion highlights the 
complexity of the water chemistry in the Ambrosia Lake Valley area. The locations from which 
data were available are shown by township, range and section on Figure 3-1. Though the 
database has many entries, there are large areas of the Ambrosia Lake Subdistrict not 

Section 27 Mine Stage 1 Abatement Report 3-1 November 5,2007 



o 

represented, as can be seen in Figure 3-1. The following discussion provides a summary of 
some of the key data sources that went into the development of the Section 27 baseline 
database. 

NMED provided INTERA with a database that contains a great deal of historical data for the 
Anribrosia Lake Valley. In addition to analytical data for ground water in mine shafts and vent 
holes from 1958 through 2005, the NMED database also contains information on water levels in 
the mine shafts and vents holes from 1987 through 2005. However, although the NMED 
database contains a large amount of data that covers a long time period, it is limited in other 
respects. For example, the database only has results for data that were reported as being 
above the detection limit, but it has no qualifying information on what the detection limits were. 
Even so, because of the large amount of data available for certain constituents, the database is 
useful for the analysis of trends over time. 

In 1975, the Environmental Protection Agency (EPA) Region VI completed a study titled Water 
Quality Impacts of Uranium Mining and Milling Activities in the Grants Mineral Belt, New Mexico. 
This study had been requested by the New Mexico Environmental Improvement Agency (now 
NMED) in 1974 to assist in determining the impact of uranium mining and milling activities on 
surface water and ground water. The objectives of the study were to: 

• Assess the impacts of waste discharges from uranium mining and milling on surface and 
ground water of the Grants Mineral Belt. 

• Determine if discharges comply with all applicable regulations, standards, permits and 
licenses. 

• Evaluate the adequacy of company water quality monitoring networks, self-monitoring 
data, analytical procedures and reporting requirements. 

• Determine the composition of potable waters at uranium mines and mills. 

• Develop priorities for subsequent monitoring and other follow-up studies. 

A reconnaissance study was conducted in January 1975 to view the study areas, meet with the 
operators and company officials, and plan the data collection effort. Sample collection began in 
February 1975, and was completed in eariy March 1975. Laboratory analyses for trace metals, 
gross alpha, radium-226 analysis, and other radiological analyses were completed in July 1975. 
A subset of the data collected in 1975 was included in INTERA's Section 27 baseline database. 

In 1979, Robert Brod, then a graduate student at the New Mexico Institute of Mining and 
Technology, submitted a master's thesis titled f-lydrogeology and Water Resources of the 
Ambrosia Lake-San Mateo Area, McKinley and Valencia Counties, New Mexico (Brod, 1979). 
This master's thesis is an overview of the geology and hydrology of the study region, with an 
emphasis on the regional setting. The discussion of water resources encompasses the entire 
hydrogeologic setting, not just the Westwater Canyon Sandstone. The thesis does contain a 
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comprehensive list of wells in the Ambrosia Lake-San Mateo area, including information on 
location, elevation, depth, construction, and water level. It also contains tabular information on 
ground water quality from the study area. Data pertaining to the Westwater Canyon was 
extracted and included in the baseline data discussed below. 

The New Mexico Environmental Improvement Division (now NMED) published Water Quality 
Data for Discharges from Uranium Mines and Mills in New Mexico in July 1980. The report was 
prepared to present data on water quality obtained by NMED during routine sampling of 
uranium mines and mills. These data were collected over a three-year period from 1977 to 
1979. Samples were taken from all New Mexico uranium mines known to be undergoing 
dewatering, including discharges from uranium recovery facilities and at all operating uranium 
mills. In addition, this report included data for samples collected from wells completed into ore 
bodies that were to be mined via in situ leaching. The data provided in this report fall into four 
categories: active mines, mines under development, baseline ground water samples, and mill 
samples (tailings ponds, sumps, tailings water, and tailings liquor decant ponds). INTERA 
extracted data on raw mine discharge water quality data and mine-water-feed for ion exchange 
facilities from this report and included these data in the Section 27 baseline database. 

Another 1980 report was published as part of Memoir 38 by the NMBMMR (1980) and titled 
Effects of Uranium Mining on Groundwater in Ambrosia Lake Area, New Mexico (Kelly et al., 
1980). The report focuses on how mining had affected water levels in the Ambrosia Lake Valley. 
A brief discussion at the end of the report also indicates how mining had affected regional water 
quality. By comparing major ion chemistry in the Westwater Canyon and Dakota Formations, 
the authors concluded that drawdown had probably caused leakage from the Dakota Sandstone 
into the Westwater Canyon Sandstone. Because ground water in the Dakota typically has 
higher total dissolved solids (TDS) concentrations than the Westwater Canyon, this leakage has 
the potential to degrade ground water quality in the Westwater Canyon Sandstone. 

In 1983, the NMBMMR published a report titled Hydrogeology and Water Resources ofthe San 
Juan Basin, New Mexico (Stone et al., 1983). This report provides a good general overview of 
the entire San Juan Basin, with information on vegetation, geology, land use and ownership, 
and water resources, both surface and ground water. The ground water discussion includes 
both alluvial aquifers and the deeper confined aquifers associated with the Westwater Canyon 
Member. The report also contains a large section on the volume of ground water produced by 
mining activities in the Ambrosia Lake Valley and other parts of the basin. The report is an 
excellent resource for information on the San Juan Basin and contains microfiche appendices 
with data pertaining to water quality in the area. Most of the data do not pertain to the 
Westwater Canyon Sandstone; those that do were entered Into the Section 27 baseline 
database. 

In 1984, Patrick Longmire (NMED), Bruce Thompson (University of New Mexico), and Douglas 
Brookins (University of New Mexico) published a report titled Uranium Industry Impacts on 
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( Z ) Groundwater in New Mexico (Longmire et al., 1984) as part of NMBMMR Hydrologic Report 7. 
The purpose of this report was to evaluate the geochemical interactions that occur among acid 
and alkaline leach-tailings seepage, ground water, and the soil matrix. This report includes 
some mine water data that was included in the Section 27 baseline database. 

In 1986, Mr. Bill Ganus, who was a Vice President of the Kerr-McGee Corporation at the time, 
completed a report titled Hydrologic Assessment of Quivira Mining Company Operations 
Ambrosia Lake Area, New Mexico as part of an internal company document (Ganus, 1986). The 
purpose of this study was to evaluate the effects of underground mine ventilation holes on ground 
water levels in the Ambrosia Lake area. As described by Ganus, ventilation holes constructed in 
the Ambrosia Lake Subdistrict are designed to drain bedrock aquifers overlying the Westwater 
Canyon Sandstone. Typically the vent holes are 5 feet in diameter and extend vertically from the 
ground surface into the mines. The vent holes were lined with steel casing, but were not 
cemented in place along the bedrock borehole length. Drainage was permitted to move down to 
the mine level where it was captured by the mine shafts. The report provides vent hole locations 
and pre-mining water levels as well as some water quality data for mine shafts and surface 
drainages. These data were included in the Section 27 baseline database. 

In 1990, the Department of Energy (DOE) published a report titled Remedial Action Plan and 
Site Conceptual Design for Stabilization of the Inactive Uranium Mill Tailings Site at Ambrosia 
Lake, NM as part of the Uranium Mill Tailings Remedial Action Project. This report lays out the 
DOE's plan for remediation of the tailings pile and contains a large amount of background 
information on the mill tailings site. Appendix D of the DOE report contains a large amount of 
pertaining to local soils as well as some ground water data related to quality and flow direction. 

' The ground water data pertaining to the Westwater Canyon Sandstone were entered into the 
Section 27 baseline database. 

MWH prepared a technical memorandum (MWH, 2004) to address NMED and MMD concerns about 
potential water quality impacts resulting from Section 27 mining. The objective of this study was to 
provide additional information on ground water quality within the Westwater Canyon Member near 
the Site, historical water quality analyses of Section 27 Mine water, and comparisons of regional and 
historical water quality data to a grab ground water sample collected on May 17, 2004 by MWH from 
VH-3. Data sources and analytical data for the Westwater Canyon Member are provided in this 
memorandum. INTERA obtained copies of the referenced sources and included both the data that 
MWH compiled and some data from the references in the Section 27 baseline database. The MWH 
references included EPA (1975), Brod (1979), New Mexico Environmental Improvement Division 
(1980), Kelly et al. (1980), and DOE (1990), all ofwhich have been discussed above. 

The EPA produced a report in June 2004 titled Evaluation of Impacts to Underground Sources 
of Drinking Water by Hydraulic Fracturing of.Coalbed Methane Reservoirs. Attachment 1 of this 
document focuses on water quality of the San Juan Basin. Though this document does not 

O 
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§ contain water quality data specific to the Site, it provides good information on the geology and 

hydrology of the area, which was incorporated into this report. 

3.2 Construction of the Section 27 Baseline Database 

3.2.1 Data Screening 

The Section 27 baseline database was constructed by INTERA with sample data from historical 
records using the methods described below. The database was designed to include the 
following information: sample ID, analyte, collection date, collection time, result, qualifier, 
reporting limit, detection limit, units, method, analytical lab, lab sample ID, report data source of 
data and comments. 

A statistical summary of the key constituents from the database is provided in Table 3-1. 

A screening approach for the selection of historical data was developed to ensure that the 
Section 27 baseline database would contain a consistent and appropriate level of information. 
Figure 3-2 is a schematic flow diagram that shows the decision process used to extract 
applicable data from the sources discussed above. 

As shown in Figure 3-2, the first step was to determine what type of sample the data 
,'•r̂ ^ represented. The literature reviewed included data from wells, mine shafts, tailings ponds, mine 

workings, streams, and other sample locations. The only data of concern for this study were 
those that represented (1) surface water, (2) ground water samples from wells in areas not 
impacted by seepage from tailings facilities, (3) samples of ground water from mine dewatering 
activities (hereafter referred to as mine water), and (4) water levels. Any sample data that 
represented tailings ponds, ion-exchange water, leak detection wells, and other types of altered 
sources were not entered into the database. 

The next step was to group data by data type: surface water, ground water, or mine water. Data 
that represented stream sampling along drainages in the Ambrosia Lake Valley were classified 
as surface water. Data that came from a well was classified as ground water. Data that 
represented the sampling of ground water from a mine shaft or vent hole were classified as 
mine water. The ground water data were further divided into two categories: wells screened in 
the Westwater Canyon Member and all other wells. 

The final criterion was whether or not the data contained specific location information. If so, the 
location information was entered either into a separate table or included as part of the sample 
identification (as was done for surface water samples). If no location information was available, the 
data were not entered into the database. Location information could be latitude and longitude; 
northing and easting; township, section, and range; or simply a description of where the sample 
was taken. Mine water was only included if it was from a location within the Grants Mineral Belt. 
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Table 3-1 Statistical Summary for Historical Ambrosia Lake Valley Mine Water Data 

Analyte 
Arsenic 
Bicarbonate 
Calcium 
Chloride 
Iron 
Magnesium 
Molybdenum 

pH 
Radium 226+228 
Selenium 
Sodium 
Sulfate 

Total Dissolved 
Solids 

U3O8 
Uranium 

Unit*'" 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
pCi/L 
mg/L 
mg/L 
mg/L 

mg/L 

mg/L 
mg/L 

... ^ f 

Number of 
Samples 

47 
194 
201 

535 
158 
192 

369 
166 
402 

360 
228 
904 

474 

199 
1121 

0.02 
267.37 
243.70 

105.59 
1.33 

87.45 
0.92 
7.94 
81.96 
0.16 

281.49 
1140.64 

1982.47 

9.78 
10.87 

Lower 95% 
Confidence 

'_ Interval j _ 
0.00 

257.12 
221.27 
94.97 
0.81 
78.12 
0.81 
7.87 

73.51 
0.14 

265.18 
1105.50 

1892.92 

8.73 
10.35 

, Upper qs-- 1 
Conlidnnro Lower Upper Stindird 

_ Jntcrval Mcdnn Minimum Maximum i Quartilp Quiitilo ' Deviation Skownc<!<« 
0.03 

277.62 
266.13 
116.22 

1.84 

96.78 
1.03 
8.02 

90.41 
0.18 

297.81 
1175.77 

2072.03 

10.84 
11.38 

0.00 
276.00 
264.00 
44.00 
0.10 
90.90 
0.50 
8.00 
59.10 
0.05 

288.00 
1170.00 

1900.00 

7.80 
8.50 

0.00 
38.00 
1.60 
0.10 
0.01 
0.10 
0.00 
6.45 
0.05' 
0.00 
18.40 
5.80 

6.10 

0.12 
0.00 

0.27 
730.00 
720.00 
603.00 
18.80 

410.00 
8.80 
9.37 

809.20 
1.53 

800.00 
3030.00 

5220.00 

39.30 
51.20 

0.00 
240.00 
76.40 
12.00 
0.02 

27.30 
0.25 
7.69 

26.00 
0.01 

180.00 
735.50 

1167.00 

5.00 
5.50 

0.01 
302.00 
379.00 
170.00 
0.40 

130.00 
1.32 
8.30 

111.00 
0.23 

364.00 
1601.75 

2840.00 

11.75 
12.90 

0.05 
72.37 
161.28 
125.08 
3.28 

65.53 
1.05 
0.51 

86.17 
0.23 

125.01 
538.28 

992.25 

7.52 
8.83 

4.50 
0.96 
-0.08 
1.42 
3.03 
0.83 
2.61 
-0.21 
3.03 
2.27 
0.60 
-0.11 

0.15 

1.63 
1.57 

Notes: 
Lower 95% Confidence Interval = The lower value around the mean where the "true" mean can be expected to be located with 95% certainty. 
Lower Quartile = 25th percentile of the sample population 
Mean = arithmetic mean 
Median = 50th percentile ofthe sample population 
mg/L - milligrams per liter 
Minimum = minimum detected concentration 

Maximum = maximum detected concentration 
pCi/L = picocuries per liter 
Skewness = Measure of skewness of the data distribution; indicates degree of asymmetry and direction of the skewness (values greater than 2 indicate significant skew, with negative 

values indicating left skew, positive values indicating right skew). 
Upper 95% Confidence Interval = The upper value around the mean where the "true" mean can be expected to be located with 95% certainty. 
Upper Quartile = 75th percentile of the sample population 
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II 3.2.2 Historical Data Qualifiers 

Compiling a database from a literature review is problematic due to the reporting variability and 
the lack of information that can be used to evaluate reliability (e.g., sampling methods, 
laboratory methods, quality assurance methods, etc.). Historical reports usually contain only 
summary tables; full laboratory reports are rarely available. As a result, the data are often 
presented with little or no qualifying information. None of the historical reports reviewed while 
compiling this database contained information on sample collection times, reporting or detection 
limits, laboratory methods, laboratory identification, or laboratory report date. Some data did 
include the laboratory sample identification, but this information is meaningless unless the name 
of the laboratory is also provided. 

One of the most difficult problems to deal with when compiling a database of historical values is 
how to deal with non-detections. In summary tables non-detections are usually shown as 
(1) being less than the detection limit, (2) an "ND" (non-detect), or (3) simply left blank. In cases 
where values were reported as less than a specific detection limit (e.g., Cd = <0.01 mg/L), the 
detection limit was entered into the Results column of the database and a "<" was entered into 
the Qualifier coluhnn. Likewise, in cases where an ND was reported, the detection limit (when 
available) was entered in the Results column and a "<" was entered into the Qualifier column. If 
a result was reported as ND and a detection limit was not available, the Results value was left 
blank. A blank in a summary table can have two possible meanings: the constituent was not 
detected or no analysis was performed for that constituent. Unless more qualifying information 
was included to determine what a blank actually represented, the Results value was left blank in 
the database. 

A properiy reported radiological constituent should always contain a data qualifier that indicates 
a probable range (e.g., Ra"226 = 46.5 ±3.1 pCi/L). For these constituents, the first number was 
always entered into the Results column, and the qualifying number was always entered into the 
Qualifier column. 

Most data included the day, month, and year the sample was collected; however, some included 
only month and year. In these cases, the day was entered as the first day of the month. 

3.3 Statistical Evaluation 

INTERA performed a series of statistical evaluations on Section 27 baseline data from the data 
sources described above. Statistical evaluations on these data were used to determine a 
potential range in historical ground water quality in the Westwater Canyon Member. It should be 
noted, however, that the actual range of historical ground water quality may be different 
because of limited data (both in quantity and location) and the extreme variability of the aquifer 
matrix and other geochemical conditions over short distances. 
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3.3.1 Statistical Methods 

3.3.1.1 Database Consistency 

In general, statistical analyses were performed on 14 key analytes: arsenic, bicarbonate, 
calcium chloride, iron, magnesium, molybdenum, pH, radium-226+228, selenium, sodium, 
sulfate, TDS, uranium, and UsOs. These parameters are key because they are either (1) a basic 
water quality parameter or (2) a constituent that is chemically associated with uranium deposits 
in New Mexico and that has a New Mexico Water Quality Control Commission (WQCC) 
standard. To facilitate meaningful statistical analysis certain steps were taken to make each 
data set internally consistent. 

First, the database was screened for negative values. Negative values related to radiological 
analytes were retained because a negative result is possible with radiological analysis. In some 
cases a minus sign had been used to indicate a result was "less than" a minimum detection 
limit. In this case, the minus sign was removed and the result was retained as described in 
Section 3.2.2. 

Per EPA (1989) guidance, all results indicated as non-detections were replaced by a value that 
was one-half of the reported detection, reporting, or practical quantitation limits to prevent the 
data set from being censored on the low end. Since the value could be anywhere between zero 

f"^y\ and the detection limit, this substitution allows a 50 percent probability that the substituted value 
''̂ '-' will be higher or lower than the real value, provided that the distribution is normal. 

3.3.1.2 Summary Statistics 

For the purpose of this analysis, a data set is defined as all of the analysis results for a single 
constituent across the entire Ambrosia Lake Valley. Summary statistics for each data set are 
presented in Appendix E. 

Descriptive summary statistics and information presented in Appendix E include the following: 

• Chemical name of constituent 

• Geologic unit 

• Number of samples 

• Arithmetic mean 

• Geometric mean (the back-transformed mean of the log-transformed data) 

• Standard deviation 

• Arithmetic mean plus two standard deviations 

o 95 percent upper confidence limit on the arithmetic mean (likely upper value of the 
) arithmetic mean) 
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h Minimum reported concentration 

Maximum reported concentration 

25th percentile of sample population 

Median 

75th percentile of sample population 

Interquartile range (range between the 25th and 75th percentiles) 

Shapiro-Wilk W-value for untransformed data 

Shapiro-Wilk p-value for untransformed data, where a p-value less than 0.0500 indicates 
sample population is not normally distributed (nonparametric or lognormal distribution) 

Shapiro-Wilk W-value for log-transformed data 

Shapiro-Wilk p-value for log transformed data, where a p-value less than 0.0500 
indicates the sample population is not lognormally distributed (nonparametric or normal 
distribution) 

• Distribution of sample population; either normal, lognormal, or nonparametric, based on 
results of the Shapiro-Wilk test 

Statistical analysis also included the following: ^ 

• Box-and-whisker plots were used to determine whether outliers or extremes were 
present in the data set. 

• Distributional testing was used to confirm that data fit a normal distribution using 
histograms, normal probability plots, and the Shapiro-Wilk W-test; if data were not 
normally distributed, the data set was log-transformed and tested again. 

3.3.1.3 Box-and- Whisker Plots 

Box-and-whisker plots (Appendix F) were constructed using STATISTICA data analysis 
software (version 7.1, Statsoft Inc., 2005) as part of the data evaluation for this investigation. 
These plots are used to describe and compare data distributions and to highlight disparate 
results known as extreme values. The height of the box represents the 25th lower boundary 
value and 75th upper boundary value percentile range of the data set; the median value is 
plotted within this box. The whiskers represent the range within which 5 to 95 percent of all 
values fall. A default outlier coefficient of 1.5 was selected for this analysis; thus, an outlier was 
a data point that fell at least 1.5 times the height of the box above or below the whiskers. 
Extreme values were identified as outliers that were more than 3 times the height of the box 
above or below the whiskers. 
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An extreme is an observation that does not conform to the pattern established for other 
observations. Such values may be mistakes such as transcription or reporting errors, or may be 
the result of instrument or laboratory errors. Extremes may also represent inherent variability in 
the measured parameter. Extremes that are found to be mistakes should be corrected or 
described and excluded from calculations. 

A number of values taken from the MWH technical memorandum (MWH, 2004) were initially 
shown as extremes. However, it was found that there was an error in recording the units. The 
original' source of the data, the USGS, reported values in pg/L; however, MWH recorded the 
values as mg/L, creating an error of three orders of magnitude in the reported concentrations. 
These data were corrected in the database and the analyses were rerun. In cases where the 
extreme could not be verified as an error, summary statistics and tests were performed both 
with and without the extreme. Once identified, extreme values were flagged in the original data 
set. A new data set was created omitting the extremes. Because the exercise of identifying 
extremes is somewhat circular, with a new set of extremes appearing every time the old ones 
are eliminated from the data set, a decision rule was applied to limit potential abuse. The first 
pass of identifying and eliminating extremes was used as a limiting control on this technique. 
Any subsequent extremes that were identified were retained for analysis unless eliminated for 
another reason. 

3.3.1.4 Distributional Testing 

Most statistical tests assume that data represent a normal distribution. EPA guidance (1992) 
suggests that a lognormal distribution is a more appropriate default statistical model for most 
ground water data; however, even this assumption commonly fails, requiring the use of 
nonparametric methods. Parametric statistical methods are preferred due to higher statistical 
power, but nonparametric methods should be used when normality or lognormality cannot be 
verified. It is important to identify the distribution of the data because data that do not fit 
assumptions made in designing statistical operations can lead to false conclusions. 

Histograms were generated for each constituent in each well (Appendix G) and the Shapiro-Wilk 
test (Shapiro and Wilk, 1965) was applied for population distribution. The histograms were 
generated using untransformed data and log-transformed data. For the Shapiro-Wilk test to 
have sufficient power to reject the hypothesis of normality (or lognormality), the sample number, 
or "n" should be at least 20. Results of the Shapiro-Wilk test and designation of distributional 
type are provided in the table of summary statistics for each constituent in each well 
(Appendix E). 

Normal probability plots are also useful for visual identification of outliers and to evaluate the 
possible presence of multiple populations within a data set. A probability plot consists of a graph 
of values, ordered from lowest to highest and plotted against a standard normal distribution 
function. Populations of data that plot as a straight line in a linear scale are referred to as normally 
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distributed, and populations that plot as a straight line in a logarithmic scale are referred to as 
lognormally distributed. 

Probability plots for the baseline data (Appendix H) show the concentration of a chemical in 
each sample in a manner that also indicates how well the data set for the chemical fits a normal 
or lognormal distribution. The concentrations of some naturally occurring chemicals follow a 
lognormal distribution, so the original data were also log-transformed and then plotted to 
qualitatively assess the fit to a lognormal distribution (distributional tests such as the Shapiro-
Wilk test provide a quantitative measure of how well the data fit a particular distribution). 

3.3.1.5 Trends in Concentration 

Temporal trends in data were evaluated graphically using time-concentration plots (Appendix I) 
and the Kendall tau test (Appendix E). Although extreme values were excluded from the trend 
analysis, additional outliers that were not obvious on the box-and-whisker plots are apparent in 
normal probability plots and should be evaluated further and possibly excluded in subsequent 
evaluations. 

The Kendall tau is a nonparametric test that provides a probability indicating whether the 
arrangement of data over time represent a temporal trend or is due to chance (random). The 
Kendall tau test was applied for constituents with at least eight samples. A summary of the 
significant results from the Kendall tau test is presented in Appendix E. The 95 percent 
probability level (i.e., p-values less than or equal to 0.0500) was set as the statistical indicator of 
a temporal trend. 

3.3.2 Regional Baseline Database Discussion 

Regional data to characterize ground water quality are sparse in the Ambrosia Lake Subdistrict. 
The Section 27 baseline database serves as an approximation of a potential baseline to ground 
water in the mine voids at the Site because it represents ambient ground water quality in the 
interconnected ground water system across Ambrosia Lake Valley. However, these data are of 
unknown quality and the original data records and qualifiers are lacking. Little to no information 
is available that indicates which part of the water column is represented by the water quality 
data. In fact, these data could possibly represent sampling locations as diverse as the top ofthe 
water column, any location within the water column, or a sample of pumped mine water 
discharged to the arroyo. Also, there are no data on other specific factors in these mines such 
as position of the sample relative to stratigraphy, mineralogy, ore deposits, vent hole casing, or 
stage of ground water recovery, all of which could affect the quality of water measured in a 
sample. 

Box-and-whisker plots are useful to describe and compare distributions of constituents from 
different mine shafts and other available data for the Westwater Canyon Sandstone. The box-
and-whisker plots shown in Appendix F highlight the broad variability of constituent 
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concentrations in the Westwater Canyon. For comparison, the Section 27 data distribution is 
shown in a shaded area on all of the box-and-whisker plots. 

Appendix F shows that the measured concentrations of arsenic at all of the mines are below the 
WQCC limit of 0.1 mg/L, except for two extreme values. However, the baseline data sets for 
chloride, iron, molybdenum, radium-226+228, selenium, sulfate, TDS, and uranium contain 
measured values that are above the respective WQCC limit. 

Appendix H contains the probability plots for the baseline data. Though there is some variability, 
these plots, as well as the Appendix G histograms, reveal a significant level of normally 
distributed data. 

Temporal plots for key parameters are provided in Appendix I for the baseline data sets. 
Concentrations for indicator parameters such as sulfate, TDS, uranium, and radium-226 have 
dropped at some locations, as might be expected in stopes that have already been flooded, and 
conditions are returning to their pre-mining state. Exceptions to these general trends can be 
observed in time-concentration plots of ground water data from mines along the axis of the 
ground water cone of depression (i.e., the 30 West, 33, 35, and 36 mines) (Figure 2-1). These 
mines, which were among the last to discontinue mine dewatering, exhibit rising-to-flat trends in 
sulfate and TDS concentrations. However, there are indications in some of the mines that 
concentrations have reached a maximum (e.g., in the 30 West and the Section 30 mines), and 
may be beginning to decline. Also, the hydrographs shown in the Appendix I figures indicate 
rising ground water elevations over time. In general, as water levels go up regionally, water 
quality improves. 

Figure 3-3 provides modified stiff diagrams using the most recent values of selected 
constituents from the NMED mine shaft data set. Constituents were selected for the stiff 
diagrams based on primary constituents of concern in mine shafts and data availability. The 
diagrams provide another type of visual record of the variability in ground water quality data 
across Ambrosia Lake Valley as well as the variability of water quality at a given location. For 
example, the Section 23 mine has relatively low sulfate and TDS but also exhibits the highest 
obiserved concentrations of molybdenum. This distribution of molybdenum is likely related to the 
abundance of molybdenum in the Section 24 ore deposits. 

Many of the mine shafts that show the highest average TDS values on Figure 3-3 are located 
along the ground water cone of depression (Figure 2-1). The observation that this area includes 
the only mines with increasing concentrations of constituents in ground water as well as the 
highest average TDS concentrations suggests that the geochemical system in the cone of 
depression is currently the most active in the area. The poorer water quality and lack of 
improving trends in this area likely indicate that these areas are currently the most chemically 
active because they are the locus of the oxygen-ground-water front within the ore materials. 
Water provides the medium that allows reactions to take place. As water rises through the 
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/•^.i stopes, the surface (air-water interface) is the location of the most abundant oxygen for reaction. 
Water below the air-oxygen interface has been depleted in oxygen and ore material above the 
interface is dry. 

Note that the mine stopes themselves form a complex three-dimensional system of subsurface 
voids. The stopes partly correspond to the original distribution of uranium ore, but are not 
completely coincident with all uranium mineralization because of mine construction (e.g., they 
need to be interconnected from level to level and from the surface), because exploration may 
not be complete, or because mineral deposits may not be economic to produce. Therefore, it is 
difficult to pinpoint the exact location of the air-water interface that may be influencing ground 
water quality measured in samples from a particular shaft or vent hole. 

It is possible, however, to discern broad trends that control the air-water interface and therefore 
influence ground water quality in the mine stopes. In general, the Westwater Canyon mineral 
belt in the Ambrosia Lake Subdistrict is oriented from northwest to southeast and dips to the 
northeast. As a result, the mines get progressively deeper to the southeast. In addition, faulting 
has displaced the Westwater Canyon to deeper levels of the subsurface on the southeast 
portion of the Ambrosia Lake Subdistrict. Therefore, ground water will return to the Westwater 
Canyon in the eastern portion of the district first, and mine stopes in the vicinity of Sections 34, 
35 and 36 will be flooded long before the stopes in the vicinity of Homestake Sapin Mine or 
Kermac Mine no. 22 on the far northwest end of the district are flooded. As the cone of 
depression recovers, mines in the eastern area will be flooded and reach equilibrium conditions 
before those in the west, and geochemical conditions will change over time as repressurization 
moves from east to west across the district. This limits any capability to predict ground water 
quality at any particular time or place. 

The final equilibrium ground water quality in the Westwater Canyon will depend, among other 
things, on the volume and availability of reactive minerals that are present in the aquifer matrix. 
The distribution of these minerals is not homogeneous across the Grants Uranium District. 
Although some parts of the Westwater Canyon host rock were rich in uranium and a number of 
associated reactive minerals, other sections are barren, with smaller volumes of reactive 
minerals. Thus, the composition of the aquifer matrix is highly variable across the district, a 
factor which makes it difficult to define the background or baseline value against which Section 
27 data can be compared. Further discussion of this issue is provided in Section 4. 

The baseline water level data supports the observation that ground water in the Ambrosia Lake 
Valley is flowing toward the cone of depression that resulted from dewatering of uranium mines 
(Figures 2-1 through 2-5). Hydrographs (Appendix I) indicate that water levels are rising in all 
mine shafts in the region. 

Section 27 Mine Stage 1 Abatement Report 3-13 November 5,2007 



s.:̂  4.0 Ground Water Quality Impact Analysis 

4.1 Factors Affecting the Concentration of Uranium in Ground Water 

A major focus of this Stage 1 investigation was to provide data that vyill help characterize the 
hydrogeology and water quality at the Section 27 Mine and, if necessary, help define an 
effective abatement strategy. The results of the field investigation, presented in Section 2, 
provide a snapshot of the current Site conditions. However, because active mining was initiated 
in the Grants Uranium District before the promulgation of EPA and WQCC regulations 
pertaining to uranium and other constituents, there is a lack of pre-mining water quality data 
from the ore-bearing formations that would effectively establish background conditions against 
which mining impacts can be measured. Given the complexities discussed in this report, and 
this lack of pre-mining data, the water quality from Section 27^ vent holes must be evaluated 
together with the regional water quality data to assess the potential level of impact associated 
with mining at this site. 

Uranium is a naturally occurring radioactive element and heavy metal in ground water. In 
December 2003, the EPA began regulating uranium in community water supplies with the goal 
of reducing the risk of cancer and kidney disease (Sherman et al., 2007). In 2005, the WQCC 
for uranium was reduced from 5,000 pg/L to 30 pg/L, which is equivalent to the EPA maximum 
concentration level (MCL). Uranium occurs naturally at concentrations higher than 30 pg/L even 
in areas that have not experienced uranium mining. 

Elevated uranium in ground water has been reported in numerous regions of the U.S. As part of 
a national study, Focazio et al. (2006) found that uranium exceeded the MCL of 30 pg/L in 
approximately 4 percent of the 2,390 wells evaluated. Case studies have qualitatively shown 
that elevated uranium concentrations occur in oxidized ground water associated with uranium-
rich deposits (Sherman et al., 2007). While ground water concentrations are highly sensitive to 
geochemical and host rock parameters, they are also influenced by residence time, which.adds 
an even greater degree of complexity to an already complex problem. There is a recognized 
need in the scientific community for a better quantitative understanding of the geochemical and 
host rock parameters that result in elevated uranium occurrences. 

In an attempt to shed some light on the complexity of the distribution of uranium in the 
Jacobsville Sandstone aquifer in Michigan's Upper Peninsula, Sherman et al. (2007) evaluated 
the spatial variability of ground water uranium concentrations in relation to geochemical 
conditions, the heterogeneous distribution of uranium in the host rock, and the increase in 
ground water age along flowpaths. Though this region has had a history of uranium prospecting, 
no economical deposits have been located, thus ihipacts from mining are not relevant in this 
study area. Documented ground water concentrations of uranium in this region range from 
below the detection limit to 224 pg/L. Some conclusions reached by Sherman et al. that are 
pertinent to the Section 27 water quality evaluation include the following: 
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(• . J • Regions with high Eh and elevated uranium in the bedrock are at risk for elevated 
uranium in ground water at a formation or district scale. 

• Within a given region, there may be significant spatial variation in ground-water uranium 
concentrations, with elevated anomalies typically occurring in groups. 

• The spatial variability of uranium in ground water does not always correlate to spatial 
distribution of uranium in the aquifer materials. 

• Twenty-nine percent of the 218 wells located in the Jacobsville Sandstone aquifers 
produced water samples with uranium concentrations above the applicable MCL. 

• Natural uranium enrichment in the Jacobsville Sandstone aquifer increases the 
likelihood that wells in its oxidized aquifers will have uranium concentrations above the 
MCL. 

• By itself, the uranium concentration of the host rock in the vicinity of the well is not 
enough to predict if a well will produce uranium above the MCL. This indicates that there 
are other hydrogeochemical factors, such as the age of ground water, which may 
influence the effects ofthe uranium enrichment in the sandstone. 

4.2 Regional Water Quality Issues for Grants Mineral Belt Ore Deposits 

It is important to understand the scale of the various factors that influence the water quality of 
ground water in the mine stopes in the Ambrosia Lake Subdistrict. As has been discussed 
above, the mines of the Ambrosia Valley Subdistrict occur within the larger Grants Uranium 
District. Many underground mines exist in various stages of reclamation and restoration along 
the Grants Mineral Belt and at least 12 underground mines form an interconnected system of 
mine voids in the subsurface beneath the Ambrosia Lake Subdistrict. 

Ore deposits in this area occur from the land surface in the far northwest part of the valley to 
depths of at least 2,500 feet bgs in the Section 36 Mine in the southeast portion of the valley 
(Figure 1-1). The deposits are irregular in shape and range from a few feet in length and 
thickness to mile-long masses that are over 30 feet thick (Chenoweth, 1977). The deposits 
commonly form parallel to paleostream channels. The deposits formed in the Westwater 
Canyon Sandstone, which is typically composed of alternating, lense-like sandstone and 
mudstone interbeds. The scale of interbedding ranges from inches to a few tens of feet. Ore 
deposits within this stratigraphic section may exist at multiple levels at any one location with 
unmineralized lenses of Westwater Canyon Sandstone above and below. Figures 4-1 and 4-2 
illustrate these concepts. Figure 4-1 shows the irregular shape of these deposits and Figure 4-2 
illustrates the vertical variability of the deposits. It is common to transition from uranium ore to 
uneconomic waste rock in a distance of inches. 

The quality of ground water at any particular location is primarily a function of three factors: 
) (1) the composition of the aquifer matrix that ground water has encountered, (2) pH, and (3) Eh. 
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Both pH and Eh can be affected by a number of variables, including the level of dissolved 
oxygen. In general, however, these three primary factors influence the behavior,and transport 
characteristics of uranium, iron, and sulfur species, which, in turn, are primary components 
driving variability in ground water quality at Ambrosia Lake Subdistrict mines. 

When uranium-rich solutions encounter reducing conditions in a sandstone unit, precipitation of 
uranium(IV) minerals occurs in a mineralized "front" Ground water quality in mine voids is highly 
sensitive to small variations in the amounts of both pyrite and oxygen that are available for 
reaction. Both constituents have an effect on oxidation-reduction conditions. Pyrite is present in 
amounts ranging from zero up to 2 percent of the ore zone (Longmire et al., 1984) and is 
variable on the scale of feet or, possibly, inches in an ore zone. The presence or absence of 
oxygen is dependent on the extent to which ground water has been in contact with air and 
isolated from reducing agents. 

Underground mining may have disturbed ground water within the uranium front at Ambrosia 
Lake Valley. The process of mine dewatering may have introduced oxygen into previously 
reduced ore zones in the Westwater Canyon Sandstone causing uranium to be oxidized to the 
(Vl) state and forming a uranyl ion (U02^"') in the process. Uranium is more soluble in oxidizing 
environments than in reducing environments. 

Before mining began, uranium ore zones were isolated from air and therefore lacked oxygen. As 
the Morrison Formation was dewatered to allow uranium mining, ore zones were exposed to 
oxygen and the following pyrite oxidation half-reaction could occur: 

FeSz (Pyrite) + 8H2O = Fe^* + 2S04^" + 16H^ + 146 

This equation, together with the accompanying half-reaction whereby oxygen is reduced to 
water, yields the following: 

FeS2 + %02 + H2O = Fe^* + 2S04^" + 2H^ 

The net result of pyrite oxidation is production of sulfate ions and acid (H*). The production of 
sulfate ions increases the TDS concentrations in ground water within the stopes, and increased 
acidity leads to increased concentrations of dissolved metals. 

However, when mine stopes are flooded, oxygen will be consumed and, if there are no other 
sources of oxygen, conditions will become more reducing. This favors the removal of Eh-
sensitive constituents from ground water. Note that reducing conditions will likely migrate from 
southeast to northwest across the Ambrosia Lake Valley as mine stopes fill with water. The 
shape of the cone of depression, its duration, and the slow velocity of ground water flow suggest 
that flow toward the mine area should occur for a significant period of time (Bostick, 1985). 
Ground water flow and the geochemical processes described above indicate that any water 
quality changes that may have resulted from numerous operators conducting underground 
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mining and stope dewatering will be contained within the Grants Mineral Belt and abated to a 
likely pre-mining state over the next 200 to 400 years. 

4.3 Comparison of Section 27 Data to Regional Baseline Data 

A comparison of ground water quality data from the Section 27 Mine and other locations in the 
Ambrosia Lake Subdistrict will help to (1) determine whether or not the Section 27 data 
coincides with regional data, (2) ascertain the probable reason for any discrepancies—including 
the impact of mining activities and possible bias in previous sampling methods, and (3) provide 
a basis for possible recommendations regarding remedial actions of Site 27 ground water. 

As discussed previously, the three vent holes in Section 27 are aligned and parallel to an 
isopleth in the potentiometric surface developed from the regional baseline data (Figure 2-1). 
Therefore, as expected, the difference in water level elevations between the three vent holes is 
small and is expressed in tenths of a foot. As illustrated in Figure 2-1, ground water flow from 
Section 27 is currently to the south toward the regional cone of depression. 

The complex and interrelated flow history of the ground water in this region indicates that the 
ground water in the Section 27 Mine shafts and vents conceivably originated from multiple 
sources including several mines and two mill/tailings facilities. Thus, current water quality is 
potentially a composite of several possible sources. 

Section 27 Mine data (represented by the shaded portion of the graphs in Appendix F) typically 
falls within the range of baseline data. In the case of arsenic, the Section 27 Mine has the 
broadest range of concentrations of any of the regional mines, although all values remain below 
the WQCC. The only constituents measured in Section 27 ground water that are above human 
health standards are radium-226+228 and uranium. However, radium-226+228 and uranium 
concentrations measured in samples of Section 27 ground water are well within the 
demonstrated range of baseline data values. Sulfate and TDS concentrations measured in 
Section 27 ground water are above aesthetic standards for domestic water supplies. While box-
and-whisker plots provided in Appendix F indicate that Section 27 analytical values for sulfate 
and TDS are above median values in the baseline data, they are well within the overall range of 
baseline values. 

Iron and manganese concentrations measured in Section 27 ground water are also above 
aesthetic standards for domestic water supplies. While there was no baseline manganese data 
for comparison, the Section 27 iron values (26.9 to 45.8 mg/L) are an order of magnitude above 
the median baseline data value and the New Mexico standard for this constituent (1.0 mg/L). 
Iron values are also an order of magnitude above the theoretical solubility of iron in ground 
water (Hem, 1992) at the pH values observed in Section 27 ground water (6.8 to 7.4), 
suggesting either sampling or laboratory difficulties. Laboratory analytical reports (Appendix D) 
indicate that samples with unusually high iron concentrations also display unusually high 
concentrations of total suspended solids (TSS) (44-102 mg/L), in spite of having been filtered 
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rather than dissolved in solution. These solids may be the result of corrosion of iron vent hole 
casing materials that were disturbed by sampling activities. In any case, these extremely high 
concentrations of iron are unlikely to represent conditions in mine stopes. 

As explained in Section 3, the Ambrosia Lake Subdistrict baseline data obtained from NMED is 
of unknown quality; also, it is unclear whether these data were collected from the top of the 
water column or from grab samples of pumped mine water. Vent hole profiling conducted by 
INTERA, both for UNC and for other clients in the Grants Uranium Belt, provides evidence that 
ground water quality in the Westwater Canyon Sandstone varies vertically as well as 
horizontally; therefore, a sample from the top of the water column is unlikely to be 
representative of water quality throughout a mine shaft or stope. 

Additionally, vent hole profiling using probes to measure conductivity, pH, temperature, ORP 
and DO provide data on changes to water quality with depth at the Site. Figures 2-6 through 
2-20 provide profiles for each probe-measured parameter. These figures also include the depths 
at which laboratory samples were collected as well as laboratory-measured values for uranium, 
radium-226, and gross alpha. Note that the shallowest sample in each vent hole was taken 15 
to 20 feet bws, not at the top of the water column. Profiles of VH-1 exhibit vertical stratification of 
water quality with a marked discontinuity at about 30 feet below the top of the water column. 
Temperature data values increase from 68.9° F to 69.6° F. At the same depth, the conductivity 
increases from 4,280 pS/cm to 4,523 pS/cm. pH values decrease from near 7.5 to less than 6.9 
with increasing depth, and ORP values increase with depth. Radiological values are much 
higher in the deeper zone sample from VH-1. 

The stratification of the water column measurements in VH-1 indicates that the vertical location 
of a sample from a vent hole water column is important to the resulting measurement. Section 3 
discusses several possible sources of variability in ground water quality in the Ambrosia Lake 
Subdistrict mine workings. Even under straightforward conditions, it would be difficult to 
determine the exact causes of the vertical water quality variability in Section 27 vent holes. For 
example, to assess the influence of a given geologic unit on water quality it would be necessary 
to define the geology at each location with much more precision than is currently available—a 
few feet one way or another could make a considerable difference. Further, because the 
presence or absence of small amounts of pyrite in the aquifer matrix can make a large impact 
on water quality, it would be necessary to understand the mineralogy of each hydrogeologic unit 
with a high degree of certainty. 

Because access to the mine workings is limited, and rock falls and the collapse of mine 
workings are likely to have occurred in the neariy 20 years since the mine was closed, it is 
difficult to know the current shape of mine voids. Without this knowledge, it is uncertain how 
much oxygen is available for interaction. Other factors also come into play. For example, it is 
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necessary to assess the influence of the steel casing that protects the vent holes from collapse, 
as steel casings will corrode and could have an effect on water quality. 

Even if these variables could be sorted out, three vent holes would not provide the kind of 
sampling density necessary to characterize multiple variables, each of whose distribution varies 
independently on a scale of feet. In fact, it is unlikely that the vent hole profiling and associated 
sampling for chemical analyses in the Section 27 Mine captures the full range of vertical 
variation in ground water quality, although it is almost certainly more complete than the baseline 
data sets. 

The concept of water quality variability is further illustrated by Figures 4-1 and 4-2. Figure 4-1 is 
a map of the three Westwater Canyon Sandstone ore zones in the Ambrosia Lake Subdistrict; 
Figure 4-2 presents a schematic of representative drill holes across the zones. As described 
above, the data to determine the relationship between stacked ore (or other stratigraphic 
variables) and VH-1 profiles do not exist, but Figure 4-2 indicates that the top of the deepest ore 
horizon in the northern ore trend (Zone 3) is approximately 220 feet below the bottom of the 
Brushy Basin and approximately 160 feet below the bottom of the first ore horizon. It is clear 
that 90 feet of profiling does not account for the full vertical variability in water quality in VH-1 
because, based on this analysis, not all ore deposits have been profiled. 

Even though it seems likely that many of the baseline data were obtained from samples taken 
frohi the top of water column, and thus represent less-than-full vertical variability, the modified 
stiff diagrams in Figure 3-3 show broad horizontal spatial variability in the baseline data. In 
several cases, the baseline data, which represent the quality of ground water in the 
interconnected mine workings in Ambrosia Lake Subdistrict, are above the applicable WQCC 
standards. 

4.4 Conclusions 

This Stage 1 investigation and analysis has revealed the following conclusions: 

• The Section 27 Mine lies within the Ambrosia Lake Subdistrict of the Grants Uranium 
Mining District. The ore deposits within the Westwater Canyon Sandstone are the source 
of ground water quality degradation in the area. 

• The geochemistry of uranium in roll-front deposits is complex and results in ground 
water quality that varies greatly over space and time. 

• The only constituents measured in Section 27 Mine ground water that are above human 
health standards are radium-226+228 and uranium, and these values are within the 
range of the baseline data set. 

• Iron, manganese, sulfate, and TDS concentrations measured in samples of Section 27 
Mine ground water are above the aesthetic standards for domestic water supplies. 
Section 27 Mine values for iron are also above the range of baseline data values. 
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9 ( ^ However, it is likely that the high iron concentrations are due to sampling difficulties 
and/or laboratory error. 

• Containment measures such as pump-and-treat remedies would not be effective at the 
Site for several reasons. First, they may change the pattern of ground water flow, which 
currently contains poor-quality ground water. As noted above, repressurization is 
occurring regionally, resulting in improved ground water quality and a return to pre
mining geochemical conditions in the Westwater Canyon Sandstone. Second, they 
would likely increase oxygen in mineralized areas, which would further degrade ground 
water quality. Finally, containment at the Section 27 Mine would not be feasible, given 
that the mine workings in the Ambrosia Lake Subdistrict are interconnected and ground 
water within the stopes can flow freely from one mine to another. Any attempt at 
containment would have to be regional, conducted at numerous mine sites 
simultaneously. 

• Ground water quality in the Ambrosia Lake Subdistrict will improve iri the long term 
through natural attenuation. This will occur throughout the region as the water levels 
recover from mine dewatering activities and oxygen is excluded from mine stopes, and 
will continue as the cone of depression in the Westwater Canyon Sandstone recovers 
over the next several hundred years. 

• Until the cone of depression recovers, the ground water gradient will be toward the mine 
stopes, resulting in capture and sequestration of constituents of concern. 

4.5 Recommendations 

This Stage 1 Report meets the requirements of 20.6.2.4106 NMAC. As has been demonstrated 
by this investigation, the Section 27 Mine cannot be viewed as the source of a release of 
contaminants that can be removed or stabilized, any more than can any Ambrosia Lake 
Subdistrict mine where dewatering took place. In fact, there was no release; rather, the process 
of dewatering the basin allowed for the introduction of oxygen, which reacted with native 
materials. Also, it appears likely that natural attenuation mechanisms will result in the 
containment of the regional mining impacts. 

In accordance with current regulations, there are several possible pathways forward for this 
Site: 

i 

• A demonstration that water quality at the site is below an established background level 
and/or below the WQCC standards 

The only constituents measured in Section 27 Mine ground water that are above human 
health standards are radium-226+228 and uranium. As discussed above, the Section 27 
values for these constituents are within the range of the regional baseline values. 
Additionally, it is reasonable to expect that two of the three constituents that exceed 
baseline values but do not exceed human health-based standards (sulfate and TDS) 
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would fall within the range of true baseline values if the available data were not so 
limited. There is no baseline data for manganese, and thus no way of knowing if the 
Section 27 concentrations of this constituent exceed baseline values. Iron appears to be 
the sole constituent that actually exceeds the range of baseline values, and this result 
may be due to sampling difficulties and/or laboratory error. 

• A demonstration of technical infeasibility and approval of an alternate abatement 
standard or granting of a variance for the remaining constituents. 

To the extent that some constituents cannot be demonstrated to be below background 
levels and/or the WQCC standards, a demonstration of technical infeasibility may be 
made. Based on the basic principles of uranium geochemistry and hydrology and an 
understanding of the Ambrosia Lake Subdistrict, it is clear that pump-and-treat 
technology is not a feasible remediation strategy for this Site, nor are there other proven 
or innovative technologies that are applicable at this scale. Preliminary examination of 
any pump-and-treat option suggests that, upon reinjection, treated water would 
redissolve constituents that had been removed. Thus, water in the stopes would be no 
better than it was before treatment. 

The complexities and interrelatedness of the regional ground water system in the 
Ambrosia Lake Subdistrict make it difficult to develop a path forward for closure of the 
ground water abatement process at the Section 27 Mine. Local containment through 
pump-and-treat technology at the Section 27 Mine is not feasible because of the 
interconnected nature of the mine workings in the Ambrosia Lake Subdistrict. Any 
attempt at containment would have to be a regional effort; however, such an approach 
would impact the natural repressurization and improvement in water quality that has 
been occurring in the region since the cessation of mine dewatering. Given the 
limitations on the use of technical infeasibility in 20.6.2.4103E(2), it may be that a 
determination on technical infeasibility needs to be made as part of a petition for 
approval of an alternate abatement standard or a request for variance. 

In an effort to develop a viable approach that integrates on-site realities with regulatory 
requirements, we recommend that discussions be opened with NMED concerning the path 
fonward. Future activities could include monitoring or other activities at the Section 27 Mine as 
part of a regional effort to evaluate the recovery of regional water levels and subsequent 
improvement in regional water quality. 
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Table 2-3 Laboratory Results for Vent Hole Sampling 

0. 

Analyte 
Anion/Cation Balance (±5) (%) 
Alkalinity, Total as CaCOa (mg/L) 
Aluminum (mg/L) 
Anions (meq/L) 
Arsenic (mg/L) 
Barium(mg/L) 
Boron (mg/L) 
Cadmium (mg/L) 
Calcium (mg/L) 

Cations (meq/L) 
Chloride (mg/L) 
Chromium (mg/L) 
Conductivity (jimhos/cm) 
Fluoride (mg/L) 
Gross Alpha (pCi/L) 
Iron (mg/L) 
Lead (mg/L) 
Magnesium (mg/L) 
Manganese 
Mercury (mg/L) 
Molybdenum (mg/L) 
Nitrogen, Nitrate+Nitrite as N (mg/L) 

pH 
Potassium (mg/L) 
Radium 226 (pCi/L) 
Radium 228 (pCi/L) 
Selenium (mg/L) 

Silver (mg/L) 
Sodium (mg/L) 
Sulfate (mg/L) 

TDS Balance (0.80-1.20) (decimal %) 
TDS (mg/L) 
TDS Calculated (mg/L) 
Total Suspended Solids (mg/L) 
Uranium (mg/L) 
Vanadium (mg/L) 

.NMWQCC# 
Standard j 

-
-
5 
-

0.1 
1 

0.75 
0.01 

-
-

250 
0.05 

-
1.6 
-
1 

0.05 
-

0.2 
0.002 

1 
10 
-
-

30 
-

0.05 

0.05 
-

600 
-

1000 
-
-

0.03 
-

VH-1 

Depth Below Water'Surface 

- 15 feet 
-1 60 
148 
<0.1 
57.6 

<0.001 
<0.1 
<0.1 
<0.01 
351 
55.8 
39 

<0.05 
4750 
0.2 

247 + 6.1 
43.7 

<0.05 
89.7 
3.96 

<0.001 
0.1 

<0.1 
6.71 
14.1 

20.9 ±1.6 
<1.0 
0.002 

<0.01 
660 
2570 

1.03 
3930 
3820 
102 

0.592 

<0.1 

30 feet 
-0 370 

142 
<0.1 
57.4 

<0.001 
<0.1 
<0.1 

<0.01 
358 
56.9 
41 

<0.05 
4800 
0.2 

247+6.1 
45.8 
<0.05 
89.5 
3.94 

<0.001 
0.1 
<0.1 
6.7 
14.1 

22.4 ±1.6 
<1.0 
0.001 

<0.01 
676 

2560 

1.00 
3840 

3830 
98.0 
0.594 
<0.1 

, < 85 feet 
-165 
412 

<0.1 
64.2 
0.005 
<0.1 
<0.1 
<0.01 
473 
62.1 
42 

<0.05 
5080 
0.5 

9570 ± 34.7 
41.4 

<0.05 
79.5 
6.27 

<0.001 
1.0 

<0.1 
6.65 
14.3 

42.0 ± 2.2 

<1.0 
<0.001 
<0.01 
681 

2630 
1.02 
4250 
4180. 
70.0 
24.5 
<0.1 

VH-3 

^ DepthiBelow Water Surface^ 

20'feet' 
-1 02 

338 
<0.1 
47.2 
0:011 
<0.1 
0.2 

<0.01 
368 
46.2 
21 

<0.05 
3920 
0.4 

3020 ± 22.0 
26.9 

<0.05 
46.0 
3.4 

<0.001 
0.5 

<0.1 
7.06 
14.7 

46.5 ± 3.1 
<1.0 
0.001 
<0.01 
517 
1910 

1.00 
3090 
3100 
58.0 
8.50 

<0.1 

80 feet '" 
-2 84 

340 
<0.1 
47.1 
0.015 
<0.1 
0.2 

<0.01 
363 
44.5 
21 

<0.05 
3900 
0.4 

2960 ± 22.0 
28.2 

<0.05 
44.6 
3.39 

<0.001 
0.5 

<0.1 
7.03 
14.4 

26.9 ±1.8 
<1.0 

<0.001 

<0.01 
486 
1910 

1.01 
3090 
3060 
44.0 
8.44 
<0.1 

Notes: 

CaCOj 

meq/L = 

mg/L 

N 

NMWQCC = 

calcium carbonate 

milliequivalents per liter 

milligrams per liter 

nitrogen 

New Mexico Water Quality Control Commission 

pCi/L 

TDS 

TSS 

pmhos/cm 

= picocuries per liter 

= total dissolved solids 

= total suspended solids 

- micromhos per centimeter 
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1 ;^) distributed, and populations that plot as a straight line in a logarithmic scale are referred to as 
lognormally distributed. 

Probability plots for the baseline data (Appendix H) show the concentration of a chemical in 
each sample in a manner that also indicates how well the data set for the chemical fits a normal 
or lognormal distribution. The concentrations of some naturally occurring chemicals follow a 
lognormal distribution, so the original data were also log-transformed and then plotted to 
qualitatively assess the fit to a lognormal distribution (distributional tests such as the Shapiro-
Wilk test provide a quantitative measure of how well the data fit a particular distribution). 

3.3:1.5 Trends in Concentration 

Temporal trends in data were evaluated graphically using time-concentration plots (Appendix I) 
and the Kendall tau test (Appendix E). Appendix J and K provide the data used to perform these 
analyses. Although extreme values were excluded from the trend analysis, additional outliers 
that were not obvious on the box-and-whisker plots are apparent in normal probability plots and 
should be evaluated further and possibly excluded in subsequent evaluations. 

The Kendall tau is a nonparametric test that provides a probability indicating whether the 
arrangement of data over time represent a temporal trend or is due to chance (random). The 
Kendall tau test was applied for constituents with at least eight samples. A summary of the 
significant results from the Kendall tau test is presented in Appendix E. The 95 percent 
probability level (i.e., p-values less than or equal to 0.0500) was set as the statistical indicator of 
a temporal trend. 

3.3.2 Regional Baseline Database Discussion 

Regional data to characterize ground water quality are sparse in the Ambrosia Lake Subdistrict. 
The Section 27 baseline database serves as an approximation of a potential baseline to ground 
water in the mine voids at the Site because it represents ambient ground water quality in the 
interconnected ground water system across Ambrosia Lake Valley. However, these data are of 
unknown quality and the original data records and qualifiers are lacking. Little to no information 
is available that indicates which part of the water column is represented by the water quality 
data. In fact, these data could possibly represent sampling locations as diverse as the top of the 
water column, any location within the water column, or a sample of pumped mine water 
discharged to the arroyo. Also, there are no data on other specific factors in these mines such 
as position of the sample relative to stratigraphy, mineralogy, ore deposits, vent hole casing, or 
stage of ground water recovery, all of which could affect the quality of water measured in a 
sample. 

Box-and-whisker plots are useful to describe and compare distributions of constituents from 
different mine shafts and other available data for the Westwater Canyon Sandstone. The box-
and-whisker plots shown in Appendix F highlight the broad variability of constituent 
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Appendix E 
Summary Statistics for Baseline Westwater Caynon Database 

am Analyte 

Arsenic 
Arsenic 
Bicarbonate 
Bicarbonate 
Calcium 
Chloride 
Iron 
Iron 
Magnesium 
Molybdenum 
Molybdenum 
pH 
Radium 226+228 
Radium 226+228 
Selenium 
Selenium 
Sodium 
Sulfate 
TDS 
U3O8 

U3O8 

Uranium 
Uranium 

Data Set 

All Data 
No Extremes 
All Data 
No Extremes 
All Data 
All Data 
All Data 
No Extremes 
All Data 
All Data 
No Extremes 
All Data 
All Data 
No Extremes 
All Data 
No Extremes 
All Data 
All Data 
All Data 
All Data 

No Extremes 
All Data 
No Extremes 

Unit 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
pCi/L 
pCi/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

mg/L 

mg/L 
mg/L 
m g ^ 

Valid N 

47 
42 
194 
190 
201 
535 
158 
134 
192 
369 
364 
166 
402 
398 
360 
353 
228 
904 
474 
199 

195 
1121 
1093 

Mean 

0.017 
0.004 

267.37 
265.94 
243.70 
105.59 

1.33 
0.17 
87.45 
0.92 
0.85 
7.94 

81.96 
77.29 
0.16 
0.14 

281.49 
1140.64 
1982.47 

9.78 

9.25 
10.87 
10.11 

Geometric 
Mean 

0.003 
0.002 

255.51 
258.18 
140.03 
42.38 
0.12 
0.06 
47.56 
0.45 
0.43 
7.93 

45.48 
44.38 
0.04 
0.04 

249.13 
930.16 
1669.40 

7.42 

7.18 
6.89 
6.58 

Standard 
Deviation 

0.053 
0.005 
72.37 
57.35 
161.28 

. 125.08 
3.28 
0.28 
65.53 
1.05 
0.85 
0.51 
86.17 
70.69 
0.23 
0.19 

125.01 
538.28 
992.25 

7.52 

6.58 
8.83 
7.51 

Mean + 2 
Std. Devs. 

0.122 
0.013 

412.11 
380.64 
566.25 
355.76 

7.89 
0.73 

218.51 
3.02 
2.56 
8.96 

254.30 
218.67 

0.62 
0.51 

53151 
2217.19 
3966.97 

24.83 

22.42 
28.53 
25.12 

Upper 95% 
Confidence 

0.032 
0.005 
277.62 
274.15 
266.13 
116.22 

1.84 
0.22 
96.78 
1.03 
0.94 
8.02 
90.41 
84.26 
0.18 ' 
0.16 

297.81 
1175.77 
2072.03 

10.84 

10.18 
11.38 
10.55 

Lower 95% 
Confidence 

0.001 
0.002 

257.12 
257.73 
221.27 
94.97 
0.81 
0.12 
78.12 
0.81 
0.77 
7.87 
73.51 
70.33 
0.14 
0.12 . 

265.18 
1105.50 
1892.92 

8.73 

8.32 
10.35 
9.66 

Min 

0.0005 
0.0005 

38 
57 
1.6 
0.1 

0.005 
0.005 

0.1 
0.0005 
0.0005 

6.45 
0.045 
0.045 

0.0005 
0.0005 

18.4 
5.8 
6.1 
0.12 

0.12 
0.0025 
0.0025 

Max 

0.27 
0.024 
730 
451 
720 
603 
18.8 
1.49 
410 
8.8 
4.4 
9.37 

809.2 
359.8 
1.53 

0.844 
800 
3030 
5220 
39.3 

31 
51.2 
34.8 

Lower 
Quartile 

0.001 
0.0005 

240 
240 
76.4 

. 12 
0.02 
0.02 
27.3 
0.25 
0.25 
7.69 
26 

25.91 
0.012 
0.012 
180 

735.5 
1167 

5 

5 
5.5 
5.4 

Median 

0.0025 
0.0025 

276 
276 
264 
44 
0.1 

0.05 
90.9 
0.5 
0.5 
8 

59.1 
58.225 
0.0495 
0.046 
288 
1170 
1900 
7.8 

7.8 
8.5 
8.4 

Upper 
Quartile 

0.007 
0.006 
302 
301 
379 
170 
0.4 

0.16 
130 
1.32 
1.3 
8.3 
111 

110.89 
0.23 
0.2 
364 

1601.75 
2840 
11.75 

11.25 
12.9 
12.2 

Quartile 
Range 

0.2695 
0.0235 

692 
394 

718.4 
602.9 
18.795 
1.485 
409.9 
8.7995 
4.3995 

2.92 
809.155 
359.755 
1.5295 
0.8435 
781.6 
3024.2 
5213.9 
39.18 

30.88 
51.1975 
34.7975 

W-norm 

0.309 
0.694 
0.873 
0.962 
0.930 
0.793 
0.455 
0.601 
0.930 
0.755 
0.838 
0.986 
0.751 
0.853 
0.708 
0.751 
0.954 
0.975 
0.963 
0.835 

0.863 
0.852 
0.888 

P-norm 

0.000 
1 0.000 

0.000 
0.000 

' 0.000 
0.000 
0.000 

; 0.000 
' 0.000 

0.000 
•: 0.000 
; 0.089 

0.000 
0.000 
0.000 
0.000 
0.000 

, 0.000 
0.000 
0.000 

0.000 
; 0.000 
i 0.000 

W-log 

,0.896 
0.908 
0.757 
0.826 
0.789 
0.961 
0.938 
0.967 
0.815 
0.914 
0.902 

0.906 
0.895 
0.954 
0.947 
0.909 
0.746 
0.872 
0.941 

0.931 
0.762 
0.742 

P-log Distribution 

0.001 Non-Parametric 
0.003 Non-Parametric 

" 0.000 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 
0.002 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 

Normal 
0.000 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 

0.000 Non-Parametric 

0.000 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric li 

Notes: 
All Data = All valid records included in ttie calculatfon 
No Extremes = Calculation redone vwth the extreme values removed 
Valid N = Number of samples 
Mean = Artthmetic mean 
Mean + 2 Std. Dev. = Arithmetic meai plus two standiad delations 
Lower 95% Confidence Interval = The lower value around the mean wrtiere the Ime" mean can t>e expected to t>e kH^ed with 95% certainty 
Upper 95% Confidence Interval = The upper value around ttie mean where the "true" mean can be expected to Ise located vsfith 95% certain^ 
Min = Minimum detected ccmcentoation 
Max = Maximum detected concentration 
Lower Quartile = 25th percentile of the sample populaBon 
Median = 50th percentile of the sample population 
Upper Quartile = 75th percentile of the sample populafion 
Quartile Range = Width of the range atx)ut the meadian that included 50% of the cases 
W-nomi = Shapiro-Wllk score for nonriality 
p-norm = p-value from Shapiro-Wilk test for nomrsality, wrtiere p < 0.05 indicates a non^rormal distribution 
W-log = Shapiro-Wilk score for log-nomiafity 
p-log = p-value from Shapiro-Wilk test for log-nomiafity, vŝ iere p < 0.05 indicates a non-lognormal distribution 
Distribution = Type of distribution, based on Sbapiro-Wiik test; Norniai, Lognormal, and Nonparametric 
mg/L = milligrams per liter 
pCi/L = picocuries per liter 
TDS = Total dissolved solids 

\ : 



Appendix E 
Summary Statistics for Baseline Westwater Caynon Database 

Analyte 

Arsenic 
Arsenic 
Bicarbonate 
Bicarbonate 
Calcium 
Chloride 
Iron 
Iron 
Magnesium 
Molybdenum 
Molybdenum 
pH 
Radium 226+228 
Radium 226+228 
Selenium 
Selenium 
Sodium 
Sulfate 
TDS 
U3O8 

U3O8 

ufsniu.m 
jUranium 

Data Set 

All Data 
No Extremes 
All Data 
No Extremes 
All Data 
All Data 
All Data 
No Extremes 
All Data 
All Data 
No Extremes 
All Data 
All Data 
No Extremes 
All Data 
No Extremes 
All Data 
All Data 
All Data 
All Data 

No Extremes 
All Data 

- No Extremes 

Unit 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
pCi/L 
pCi/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

mg/L 

mg/L 
mcj/L 
mg/L 

Valid N 

47 
42 
194 
190 
201 
535 
158 
134 
192 
369 
364 
166 
402 
398 
360 
353 
228 
904 
474 
199 

195 
1121 
1093 

Mean 

0.017 
0.004 

267.37 
265.94 
243.70 
105.59 

1.33 
0.17 
87.45 
0.92 
0.85 
7.94 

81.96 
77.29 
0.16 
0.14 

281.49 
1140.64 
1982.47 

9.78 

9.25 
10.87 
10.11 

Geometric 
Mean 

0.003 
0.002 
255.51 
258.18 
140.03 
42.38 
0.12 
0.06 

47.56 
0.45 
0.43 
7.93 

45.48 
44.38 
0.04 
0.04 

249.13 
930.16 
1669.40 

7.42 

7.18 
6.89 
6.58 

Standard 
Deviation 

0.053 
0.005 
72.37 
57.35 
161.28 
125.08 
3.28 
0.28 

65.53 
1.05 
0.85 
0.51 

86.17 
70.69 
0.23 
0.19 

125.01 
538.28 
992.25 

7.52 

6.58 
8.83 
7.51 

Mean + 2 
Std. Devs. 

0.122 
0.013 

412.11 
380.64 
566.25 
355.76 

7.89 
0.73 

218.51 
3.02 
2.56 
8.96 

254.30 
218.67 

0.62 
0.51 

531.51 
2217.19 
3966.97 

24.83 

22.42 
28.53 
25.12 

Upper 95% 
Confidence 

0.032 
0.005 
277.62 
274.15 
266.13 
116.22 
1.84 
0.22 
96.78 
1.03 
0.94 
8.02 

90.41 
84.26 
0.18 
0.16 

297.81 
1175.77 
2072.03 

10.84 

10.18 
11.38 
10.55 

Lower 95% 
Confidence 

0.001 
0.002 

257.12 
257.73 
221.27 
94.97 
0.81 
0.12 
78.12 
0.81 
0.77 
7.87 

73.51 
70.33 
0.14 
0.12 

265.18 . 
1105.50 
1892.92 

8.73 ' 

8.32 
10.35 
9.66 

Min 

0.0005 
0.0005 

38 
57 
1.6 
0.1 

0.005 
0.005 

0.1 
0.0005 
0.0005 

6.45 
0.045 
0.045 
0.0005 
0.0005 

18.4 
5.8 
6.1 
0.12 

0.12 
0.0025 
0.0025 

Max 

0.27 
0.024 
730 
451 
720 
603 
18.8 
1.49 
410 
8.8 
4.4 
9.37 

809.2 
359.8 
1.53 

0.844 
800 

3030 
5220 
39.3 

31 
51.2 
34.8 

Lower 
Quartile 

0.001 
0.0005 

240 
240 
76.4 
12 

0.02 
0.02 
27.3 
0.25 
0.25 
7.69 
26 

25.91 
0.012 
0.012 
180 

735.5 
1167 

5 

5 
5.5 
5.4 

Median 

0.0025 
0.0025 

276 
276 
264 
44 
0.1 

0.05 
90.9 
0.5 
0.5 
8 

59.1 
58.225 
0.0495 
0.046 
288 
1170 
1900 
7.8 

7.8 
8.5 
8.4 

Upper 
Quartile 

0.007 
0.006 
302 
301 
379 
170 
0.4 
0.16 
130 
1.32 
1.3 
8.3 
111 

110.89 
0.23 
0.2 
364 

1601.75 
2840 
11.75 

11.25 
12.9 
12.2 

Quartile 
Range 

0.2695 
0.0235 

692 
394 

718.4 
602.9 
18.795 
1.485 
409.9 
8.7995 
4.3995 

2.92 
809.155 
359.755 
1.5295 
0.8435 
781.6 
3024.2 
5213.9 
39.18 

30.88 
51.1975 
34.7975 

W-norm 

0.309 
0.694 
0.873 
0.962 
0.930 
0.793 
0.455 
0.601 
0.930 
0.755 
0.838 
0.986 
0.751 
0.853 
0.708 
0.751 
0.954 
0.975 
0.963 
0.835 

0.863 
0.852 
0.888 

P-norm 

0.000 
0.000 
0.000 
0.000 

' 0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

' 0.000 
; 0.089 

0.000 
0.000 
0.000 
0.000 
0.000 

, 0.000 
0.000 

, 0.000 

0.000 
i 0.000 

0.000 

w-log 

0.896 
0.908 
0.757 
0.826 
0.789 
0.961 
0.938 
0.967 
0.815 
0.914 
0.902 

'0.906 
0.895 
0.954 
0.947 
0.909 
0.746 
0.872 
0.941 

0.931 
0.762 
0.742 

P-log Distribution 

0.001 Non-Parametric 
0.003 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 
0.002 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 

Normal 
0.000 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 
0.000 Non-Parametric 

0.000 Non-Parametric 

0.000 Non-Parametric 
0:000 Non-Parametric 
0.000 Non-Parametric 1 

Notes: 
All Data = All valid records included in the calculaficKi 
No Extremes = Calculation redone with the extreme values removed 
Valid N = Number of samfrfes 
Mean = Arithmetic mean 
Mean + 2 Std. Dev. = Arithmetic mean plus tvw) standard delations 
Lower 95% Confidence Interval = The lower ralue around ttie mean where the "taie" mean can be expected to tse located vsnth 95% certainty 
Upper 95% Confidence Interval = The upper value anoureJ ttie mean «^ere the %ue' mean can be expected to tse located vwth 95% certainty 
Min = Minimum detected concenbation 
Max = Maximum detected concentration 
Lower QuariJIe = 25th percentile ofthe sample population 
Median = 50th percentile of the sample population 
Upper Quartile = 75th percentile of the sample populafion 
Quartile Range = Width of the range about the meadian that induded 50% of the cases 
W-norm = Shapiro-Wilk score for normality 
p-norm = p-vaiue from Shapiro-Wilk test for nomiaiity, where p < 0.05 indicates a non-nomial distribution 
W-log = Shapiro-Wilk score for log-nonnality 
p-log = p-value from Shapiro-Wilk test for log-nomnidity, artiere p < 0.05 indicates a non^ognormal distribution 
Distribution = Type of distribution, l)ased on Shapiro-Wiik test Normal, Lognomial, and Nonpaiametric 
mg/L = milligrams per liter 
pCi/L = picocuries per liter 
TDS = Total dissolved solids 

^^^ 
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New Mexico Office of tlie State Engineer 

Point of Diversion by Location 

WR File Nbr 
B 00994 

B 00376 

B 00375 

B 00994 

B 00539 

B 00680 

8 01145 

B 00364 

B 00365 

B 00994 

B 00522 

B 00994 

B 00993 

B00994 

B 00366 

B 00994 

B 00371 

B 00993 

B 01190 

3/3/09 2:39 PM 

(acre ft per annum) 

Use 
MIN 

IND 

IND 

MIN 

PUB 

CON 

HWY 

MIN 

MIN 

MIN 

MON 
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reliability, usability, or suitability for any particular purpose of the data. . 
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COMPREHENSIVE ENVIRONMENTAL RESPONSE, COM
PENSATION, AND LIABILITY ACT OF 1980 (SUPER-
F U N D ) ! 

AN ACT To provide for liability, compensation, cleanup, and emergency response for 
hazardous substances released into the environment and the cleanup of inactive 
hazardous waste disposal sites. 

Be it enacted by the Senate and House of Representatives ofthe 
United States of America in Congress assembled, That this Act may 
be cited as the "Comprehensive Environmental Response, Com
pensation, and Liabihty Act of 1980". 

TITLE I—HAZARDOUS SUBSTANCES RELEASES, LL\BILITY, 
COMPENSATION 

DEFINITIONS 

SEC. 101. For purpose of this title— 
(1) The term "act of God" means an unanticipated grave 

natural disaster or other natural phenomenon of an excep
tional, inevitable, and irresistible character, the effects of 
which could not have been prevented or avoided by the exercise 
of due care or foresight. 

(2) The term "Administrator" means the Administrator of 
the United States Environmental Protection Agency. 

(3) The term "barrel" means forty-two United States gal
lons at sixty degrees Fahrenheit. 

(4) The term "claim" means a demand in writing for a sum 
certain. 

(5) The term "claimant" means any person who presents a 
claim for compensation under this Act. 

(6) The term "damages" means damages for injury or loss 
of natural resources as set forth in section 107(a) or 111(b) of 
this Act. 

(7) The term "drinking water supply" means any raw or 
finished water source that is or may be used by a public water 
system (as defined in the Safe Drinking Water Act) or as 
drinking water by one or more individuals. 

(8) The term "environment" means (A) the navigable wa
ters, the waters of the contiguous zone, and the ocean waters 
of which the natural resources are under the exclusive man
agement authority of the United States under the Fishery Con
servation and Management Act of 1976, and (B) any other sur
face water, ground water, drinking water supply, land surface 
or subsurface strata, or ambient air within the United States 
or under the jurisdiction of the United States. 

'The Comprehensive Environmental Response, Compensation, and Liabihty Act of 1980 (42 
U.S.C. 9601-9675), commonly Imown as "Superfund," consists of Public Law 96-510 (Dec. 11, 
1980) and the amendments made by subsequent enactments. 
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(9) The term "facility" means (A) any building, structure, 
installation, equipment, pipe or pipeline (including any pipe 
into a sewer or publicly owned treatment works), well, pit, 
pond, lagoon, impoundment, ditch, landfill, storage container, 
motor vehicle, rolling stock, or aircraft, or (B) any site or area 
where a hazardous substance has been deposited, stored, dis
posed of, or placed, or otherwise come to be located; but does 
not include any consumer product in consumer use or any ves
sel. 

(10) The term "federally permitted release" means (A) dis
charges in compliance with a permit under section 402 of the 
Federal Water Pollution Control Act, (B) discharges resulting 
from circumstances identified and reviewed and made part of 
the public record with respect to a permit issued or modified 
under section 402 of the Federal Water Pollution Control Act 
and subject to a condition of such permit, (C) continuous or an
ticipated intermittent discharges fi'om a point source, identified 
in a permit or pennit application under section 402 of the Fed
eral Water Pollution Control Act, which are caused by events 
occurring within the scope of relevant operating or treatment 
systems, (D) discharges in compliance with a legally enforce
able permit under section 404 of the Federal Water Pollution 
Control Act, (E) releases in compliance with a legally enforce
able final permit issued pursuant to section 3005 (a) through 
(d) of the Solid Waste Disposal Act from a hazardous waste 
treatment, storage, or disposal facility when such permit spe
cifically identifies the hazardous substances and makes such 
substances subject to a standard of practice, control procedure 
or bioassay limitation or condition, or other control on the haz
ardous substances in such releases, (F) any release in compli
ance with a legally enforceable permit issued under section 102 
of! section 103 of the Marine Protection, Research, and Sanc
tuaries Act of 1972, (G) any injection of fluids authorized under 
Federal underground injection control programs or State pro
grams submitted for Federal approval (and not disapproved by 
the Administrator of the Environmental Protection Agency) 
pursuant to part C of the Safe Drinking Water Act, (H) any 
emission into the air subject to a permit or control regulation 
under section 111, section 112, title I part C, title I part D, or 
State implementation plans submitted in accordance with sec
tion 110 of the Clean Air Act (and not disapproved by the Ad
ministrator of the Environmental Protection Agency), including 
any schedule or waiver granted, promulgated, or approved 
under these sections, (I) any injection of fluids or other mate
rials authorized under applicable State law (i) for the purpose 
of stimulating or treating wells for the production of crude oil, 
natural gas, or water, (ii) for the purpose of secondary, ter
tiary, or other enhanced recovery of crude oil or natural gas, 
or (iii) which are brought to the surface in conjunction wdth the 
production of crude oil or natural gas and which are reinjected, 
(J) the introduction of any pollutant into a publicly owned 
treatment works when such pollutant is specified in and in 

1 So in law. Probably should be "or". 
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compliance with applicable pretreatment standards of section 
307 (b) or (c) of the Clean Water Act. and enforceable require
ments in a pretreatment program submitted by a State or mu
nicipality for Federal approval under section 402 of such Act, 
and (K) any release of source, special nuclear, or byproduct 
material, as those terms are defined in the Atomic Energy Act 
of 1954, in compliance with a legally enforceable license, per
mit, regulation, or order issued pursuant to the Atomic Energy 
Act of 1954. 

(11) The term "Fund" or "Trust Fund" means the Haz
ardous Substance Response Fund established by section 221 ^ 
of this Act or, in the case of a hazardous waste disposal facility 
for which liability has been transferred under section 107(k) of 
this Act, the Post-closure Liability Fund established by section 
2321 of this Act. 

(12) The term "ground water" means water in a saturated 
zone or stratum beneath the surface of land or water. 

(13) The term "guarantor" means any person, other than 
the owner or operator, who provides evidence of financial re
sponsibility for an owner or operator under this Act. 

(14) The term "hazardous substance" means (A) any sub
stance designated pursuant to section 311(b)(2)(A) of the Fed
eral Water Pollution Control Act, (B) any element, compound, 
mixture, solution, or substance designated pursuant to section 
102 of this Act, (C) any hazardous waste having the character
istics identified under or listed pursuant to section 3001 of the 
Solid Waste Disposal Act (but not including any waste the reg
ulation of which under the Solid Waste Disposal Act has been 
suspended by Act of Congress), (D) any toxic pollutant listed 
under section 307(a) of the Federal Water Pollution Control 
Act, (E) any hazardous air pollutant listed under section 112 
of the Clean Air Act, and (F) any imminently hazardous chem
ical substance or mixture with respect to which the Adminis
trator has taken action pursuant to section 7 of the Toxic Sub
stances Control Act. The term does not include petroleum, in
cluding crude oil or any fraction thereof which is not otherwise 
specifically listed or designated as a hazardous substance 
under subparagraphs (A) through (F) of this paragraph, and 
the term does not include natural gas, natural gas liquids, liq
uefied natural gas, or synthetic gas usable for fuel (or mixtures 
of natural gas and such synthetic gas). 

(15) The term "navigable waters" or "navigable waters of 
the United States" means the waters of the United States, in
cluding the territorial seas. 

(16) The term "natural resources" means land, fish, wdld
life, biota, air, water, ground water, drinking water supplies, 
and other such resources belonging to, managed by, held in 
trust by, appertaining to, or otherwise controlled by the United 
States (including the resources ofthe fishery conservation zone 
established by the Fishery Conservation and Management Act 
of 1976), any State, local government, or any foreign govem-

'Sections 221 and 232 were repealed by sections 517(c)(1) and 514(b), repsectively, of Pubhc 
Law 9 9 ^ 9 9 . 
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ment, any Indian tribe, or, if such resources are subject to a 
trust restriction or alienation, any member of an Indian tribe. 

(17) The term "offshore facility" means any facility of any 
kind located in, on, or under, any of the navigable waters of 
the United States, and any facility of any kind which is subject 
to the jurisdiction of the United States and is located in, on, 
or under any other waters, other than a vessel or a public ves
sel. 

(18) The term "onshore facility" means any facility (includ
ing, but not limited to, motor vehicles and rolling stock) of any 
kind located in, on, or under, any land or nonnavigable waters 
wdthin the United States. 

(19) The term "otherwdse subject to the jurisdiction of the 
United States" means subject to the jurisdiction of the United 
States by virtue of United States citizenship, United States 
vessel documentation or numbering, or as provided by inter
national agreement to which the United States is a party. 

(20)(A) The term "owner or operator" means (i) in the case 
of a vessel, any person owning, operating, or chartering by de
mise, such vessel, (ii) in the case of an onshore facility or an 
offshore facility, any person owning or operating such facility, 
and (iii) in the case of any facility, title or control of which was 
conveyed due to bankruptcy, foreclosure, tax delinquency, 
abandonment, or similar means to a unit of State or local gov
ernment, any person who owned, operated, or otherwdse con
trolled activities at such facility immediately beforehand. Such 
term does not include a person, who, without participating in 
the management of a vessel or facility, holds indicia of owner
ship primarily to protect his security interest in the vessel or 
facility. 

(B) In the case of a hazardous substance which has been 
accepted for transportation by a common or contract carrier 
and except as provided in section 107(a) (3) or (4) of this Act, 
(i) the term "owner or operator" shall mean such common car
rier or other bona fide for hire carrier acting as an independent 
contractor during such transportation, (ii) the shipper of such 
hazardous substance shall not be considered to have caused or 
contributed to any release during such transportation which 
resulted solely from circumstances or conditions beyond his 
control. 

(C) In the case of a hazardous substance which has been 
delivered by a common or contract carrier to a disposal or 
treatment facility and except as provided in section 107(a) (3) 
or (4) (i) the term "owner or operator" shall not include such 
common or contract carrier, and (ii) such common or contract 
carrier shall not be considered to have caused or contributed 
to any release at such disposal or treatment facility resulting 
from circumstances or conditions beyond its control. 

(D) The term "owner or operator" does not include a unit 
of State or local govemment which acquired ownership or con
trol involuntarily! through seizure or otherwdse in connection 

'Section 427 of Public Law 106-74 (113 Stat. 1095) added the phrase "through seizure or oth
erwise in connection with law enforcement activity" before "involuntary" the first place it ap
pears. It was inserted after "involuntarily" as the probable intent of Congress. 
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with law enforcement activity through bankruptcy, tax delin
quency, abandonment, or other circumstances in which the 
government involuntarily acquires title by virtue of its function 
as sovereign. The exclusion provided under this paragraph 
shall not apply to any State or local government which has 
caused or contributed to the release or threatened release of a 
hazardous substance from the facility, and such a State or local 
government shall be subject to the provisions of this Act in the 
same manner and to the same extent, both procedurally and 
substantively, as any nongovernmental entity, including liabil
ity under section 107. 

(E)! EXCLUSION OF LENDERS NOT PARTICIPANTS IN 
MANAGEMENT.— 

(i) INDICIA OF OWNERSHIP TO PROTECT SECURITY.— 
The term "owner or operator" does not include a per
son that is a lender that, without participating in the 
management of a vessel or facility, holds indicia of 
ownership primarily to protect the security interest of 
the person in the vessel or facility. 

(ii) FORECLOSURE.—The term "owner or operator" 
does not include a person that is a lender that did not 
participate in management of a vessel or facility prior 
to foreclosure, notwithstanding that the person— 

(I) forecloses on the vessel or facility; and 
(II) after foreclosure, sells, re-leases (in the 

case of a lease finance transaction), or liquidates 
the vessel or facility, maintains business activi
ties, winds up operations, undertakes a response 
action under section 107(d)(1) or under the direc
tion of an on-scene coordinator appointed under 
the National Contingency Plan, with respect to 
the vessel or facility, or takes any other measure 
to preserve, protect, or prepare the vessel or facil
ity prior to sale or disposition, 

if the person seeks to sell, re-lease (in the case of a 
lease finance transaction), or otherwise divest the per
son of the vessel or facility at the earliest practicable, 
commercially reasonable time, on commercially rea
sonable terms, taking into account market conditions 
and legal and regulatory requirements. 
(F) PARTICIPATION IN MANAGEMENT.—For purposes of 

subparagraph (E)— 
(i) the term "participate in management"— 

(I) means actually participating in the man
agement or operational affairs of a vessel or facil
ity; and 

(II) does not include merely having the capac
ity to influence, or the unexercised right to con
trol, vessel or facility operations; 
(ii) a person that is a lender and that holds indicia 

of ownership primarily to protect a security interest in 
a vessel or facility shall be considered to participate in 

' So in law. Indentation of subparagraphs (E) through (G) is incorrect. 

December 31, 2002 

file://Q:/C0MP/ENVIR2/CERCLA


Q:\C0MP\ENVIR2\CERCLA 

Sec. 101 SUPERFUND 496 

management only if, while the borrower is still in pos
session of the vessel or facility encumbered by the se
curity interest, the person— 

(I) exercises decisionmaking control over the 
environmental compliance related to the vessel or 
facility, such that the person has undertaken re
sponsibility for the hazardous substance handling 
or disposal practices related to the vessel or facil
ity; or . 

(II) exercises control at a level comparable to 
that of a manager of the vessel or facility, such 
that the person has assumed or manifested 
responsibility— 

(aa) for the overall management of the 
vessel or facility encompassing day-to-day de
cisionmaking with respect to environmental 
compliance; or 

(bb) over all or substantially all of the 
operational functions (as distinguished from 
financial or administrative functions) of the 
vessel or facility other than the function of en
vironmental compliance; 

(iii) the term "participate in management" does 
not include performing an act or failing to act prior to 
the time at which a security interest is created in a 
vessel or facility; and 

(iv) the term "participate in management" does 
not include— 

(I) holding a security interest or abandoning 
or releasing a security interest; 

(II) including in the terms of an extension of 
credit, or in a contract or security agreement re
lating to the extension, a covenant, warranty, or 
other term or condition that relates to environ
mental compliance; 

(III) monitoring or enforcing the terms and 
conditions of the extension of credit or security in
terest; 

(IV) monitoring or undertaking 1 or more in
spections of the vessel or facility; 

(V) requiring a response action or other lawful 
means of addressing the release or threatened re
lease of a hazardous substance in connection with 
the vessel or facility prior to, during, or on the ex
piration of the term of the extension of credit; 

(VI) providing financial or other advice or 
counseling in an effort to mitigate, prevent, or 
cure default or diminution in the value of the ves
sel or facility; 

(VII) restructuring, renegotiating, or other
wise agreeing to alter the terms and conditions of 
the extension of credit or security interest, exer
cising forbearance; 
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(VIII) exercising other remedies that may be 
available under applicable law for the breach of a 
term or condition of the extension of credit or se
curity agreement; or 

(IX) conducting a response action under sec
tion 107(d) or under the direction of an on-scene 
coordinator appointed under the National Contin
gency Plan, 

if the actions do not rise to the level of participating 
in management (within the meaning of clauses (i) and 
(ii)). 
(G) OTHER TERMS.—^As used in this Act: 

(i) EXTENSION OF CREDIT.—The term "extension of 
credit" includes a lease finance transaction— 

(I) in which the lessor does not initially select 
the leased vessel or facility and does not during 
the lease term control the daily operations or 
maintenance of the vessel or facility; or 

(II) that conforms with regulations issued by 
the appropriate Federal banking agency or the ap
propriate State bank supervisor (as those terms 
are defined in section 3 of the Federal Deposit In
surance Act (12 U.S.C. 1813)! or with regulations 
issued by the National Credit Union Administra
tion Board, as appropriate. 
(ii) FINANCIAL OR ADMINISTRATIVE FUNCTION.—The 

term "financial or administrative function" includes a 
function such as that of a credit manager, accounts 
payable officer, accounts receivable officer, personnel 
manager, comptroller, or chief financial officer, or a 
similar fianction. 

(iii) FORECLOSURE; FORECLOSE.—The terms "fore
closure"'and "foreclose" mean, respectively, acquiring, 
and to acquire, a vessel or facility through— 

(I)(aa) purchase at sale under a judgment or 
decree, power of sale, or nonjudicial foreclosure 
sale; 

(bb) a deed in lieu of foreclosure, or similar 
conveyance from a trustee; or 

(cc) repossession, 
if the vessel or facility was security for an extension 
of credit previously contracted; 

(II) conveyance pursuant to an extension of 
credit previously contracted, including the termi
nation of a lease agreement; or 

(III) any other fonnal or informal manner by 
which the person acquires, for subsequent disposi
tion, title to or possession of a vessel or facility in 
order to protect the security interest of the person. 
(iv) LENDER.—The term "lender" means— 

1 So in law. Probably should read "1813))". 
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(I) an insured depository institution (as de
fined in section 3 of the Federal Deposit Insurance 
Act (12 U.S.C. 1813)); 

(II) an insured credit union (as defined in sec
tion 101 of the Federal Credit Union Act (12 
U.S.C. 1752)); 

(III) a bank or association chartered under 
the Farm Credit Act of 1971 (12 U.S.C. 2001 et 
seq.); 

(IV) a leasing or trust company that is an af
filiate of an insured depository institution; 

(V) any person (including a successor or as
signee of any such person) that makes a bona fide 
extension of credit to or takes or acquires a secu
rity interest from a nonaffiliated person; 

(VI) the Federal National Mortgage Associa
tion, the Federal Home Loan Mortgage Corpora
tion, the Federal Agricultural Mortgage Corpora
tion, or any other entity that in a bona fide man
ner buys or sells loans or interests in loans; 

(VII) a person that insures or guarantees 
against a default in the repajrment of an extension 
of credit, or acts as a surety with respect to an ex
tension of credit, to a nonaffiliated person; and 

(VIII) a person that provides title insurance 
and that acquires a vessel or facility as a result of 
assignment or conveyance in the course of under
writing claims and claims settlement. 
(v) OPERATIONAL FUNCTION.—The term "oper

ational function" includes a function such as that of a 
facility or plant manager, operations manager, chief 
operating officer, or chief executive officer. 

(vi) SECURITY INTEREST.—The term "security in
terest" includes a right under a mortgage, deed of 
trust, assignment, judgment lien, pledge, security 
agreement, factoring agreement, or lease and any 
other right accruing to a person to secure the repay
ment of money, the performance of a duty, or any 
other obligation by a nonaffiliated person. 

(21) The term "person" means an individual, firm, corpora
tion, association, partnership, consortium, joint venture, com
mercial entity. United States Govemment, State, municipality, 
commission, political subdivision of a State, or any interstate 
body. 

(22) The term "release" means any spilling, leaking, pump
ing, pouring, emitting, emptying, discharging, injecting, escap
ing, leaching, dumping, or disposing into the environment (in
cluding the abandonment or discarding of barrels, containers, 
and other closed receptacles containing any hazardous sub
stance or pollutant or contaminant), but excludes (A) any re
lease which results in exposure to persons solely wdthin a 
workplace, with respect to a claim which such persons may as
sert against the employer of such persons, (B) emissions from 
the engine exhaust of a motor vehicle, rolling stock, aircraft, 
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vessel, or pipeline pumping station engine, (C) release of 
source, byproduct, or special nuclear material from a nuclear 
incident, as those terms are defined in the Atomic Energy Act 
of 1954, if such release is subject to requirements with respect 
to financial protection established by the Nuclear Regulatory 
Commission under section 170 of such Act, or, for the purposes 
of section 104 of this title or any other response action, any re
lease of source byproduct, or special nuclear material from any 
processing site designated under section 102(a)(1) or 302(a) of 
the Uranium Mill Tailings Radiation Control Act of 1978, and 
(D) the normal application of fertilizer. 

(23) The t e rms! "remove" or "removal" means the cleanup 
or removal of released hazardous substances from the environ
ment, such actions as may be necessary taken in the event of 
the threat of release of hazardous substances into the environ-

^ ment, such actions as may be necessary to monitor, assess, and 
evaluate the release or threat of release of hazardous sub
stances, the disposal of removed material, or the taking of such 
other actions as may be necessary to prevent, minimize, or 
mitigate damage to the public health or welfare or to the envi
ronment, which may otherwise result from a release or threat 
of release. The term includes, in addition, wdthout being lim
ited to, security fencing or other measures to limit access, pro
vision of alternative water supplies, temporary evacuation and 
housing of threatened individuals not otherwise provided for, 
action taken under section 104(b) of this Act, and any emer
gency assistance which may be provided under the Disaster 
Relief and Emergency Assistance Act. ^ 

(24) The t e rms! "remedy" or "remedial action" means 
those actions consistent with permanent remedy taken instead 
of or in addition to removal actions in the event of a release 
or threatened release of a hazardous substance into the envi
ronment, to prevent or minimize the release of hazardous sub
stances so that they do not migrate to cause substantial danger 
to present or future public health or welfare or the environ
ment. The term includes, but is not limited to, such actions at 
the location of the release as storage, confinement, perimeter 
protection using dikes, trenches, or ditches, clay cover, neutral
ization, cleanup of released hazardous substances and associ
ated contaminated materials, recycling or reuse, diversion, de-

•̂ ' struction, segregation of reactive wastes, dredging or exca
vations, repair or replacement of leaking containers, collection 
of leachate and runoff, onsite treatment or incineration, provi
sion of alternative water supplies, and any monitoring reason
ably required to assure that such actions protect the public 
health and welfare and the environment. The term includes 
the costs of permanent relocation of residents and businesses 
and community facilities where the President determines that, 
alone or in combination with other measures, such relocation 
is more cost-effective than and environmentally preferable to 

' So in law. Probably should be "term". 
2 So in law. Probably should refer to the "Robert T. Stafford Disaster Relief and Emergency 

Assistance Act", pursuant to the amendment to the short title of such Act made by section 102 
of Public Law 100-707. 

• 
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(3) At any time prior to the date which occurs fifty years after 
the date of enactment of this Act, any person identified under para
graph (1) of this subsection may apply to the Administrator of the 
Environmental Protection Agency for a waiver of the provisions of 
the first sentence of paragraph (2) of this subsection. The Adminis
trator is authorized to grant such waiver if, in his discretion, such 
waiver would not unreasonably interfere with the attainment of 
the purposes and provisions of this Act. The Administrator shall 
promulgate rules and regulations regarding such a waiver so as to 
inform parties of the proper application procedure and conditions 
for approval of such a waiver. 

(4) Notwdthstanding the provisions of this subsection, the Ad
ministrator of the Environmental Protection Agency may in his dis
cretion require any such person to retain any record identified pur
suant to paragraph (1) of this subsection for such a time period in 
excess of the period specified in paragraph (2) of this subsection as 
the Administrator determines to be necessary to protect the public 
health or welfare. 

(e) This section shall not apply to the application of a pesticide 
product registered under the Federal Insecticide, Fungicide, and 
Rodenticide Act or to the handling and storage of such a pesticide 
product by an agricultural producer. 

(f) No notification shall be required under subsection (a) or (b) 
of this section for any release of a hazardous substance— 

(1) which is required to be reported (or specifically exempt
ed from a requirement for reporting) under subtitle C of the 
Solid Waste Disposal Act or regulations thereunder and which 
has been reported to the National Response Center, or 

(2) which is a, continuous release, stable in quantity and 
rate, and is— 

(A) from a facility for which notification has been 
given under subsection (c) of this section, or 

(B) a release of which notification has been given 
under subsections (a) and (b) of this. section for a period 
sufficient to establish the continuity, quantity, and regu
larity of such release: 

Provided, That notification in accordance with subsections (a) 
and (b) of this paragraph shall be given for releases subject to 
this paragraph annually, or at such time as there is any statis
tically significant increase in the quantity of any hazardous 
substance or constituent thereof released, above that pre
viously reported or occurring. 

[42 U.S.C. 9603] 

RESPONSE AUTHORITIES 

SEC. 104. (a)(1) Whenever (A) any hazardous substance is re
leased or there is a substantial threat of such a release into the en
vironment, or (B) there is a release or substantial threat of release 
into the environment of any pollutant or contaminant which may 
preserit an imminent and substantial danger to the public health 
or welfare, the President is authorized to act, consistent wdth the 
national contingency plan, to remove or arrange for the removal of, 
and provide for remedial action relating to such hazardous sub-
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stance, pollutant, or contaminant at any time (including its re
moval from any contaminated natural resource), or take any other 
response measure consistent with the national contingency plan 
which the President deems necessary to protect the public health 
or welfare or the environment. When the President determines that 
such action will be done properly and promptly by the owner or op
erator of the facility or vessel or by any other responsible party, the 
President may allow such person to carry out the action, conduct 
the remedial investigation, or conduct the feasibility study in ac
cordance with section 122. No remedial investigation or feasibility 
study (RI/FS) shall be authorized except on a determination by the 
President that the party is qualified to conduct the RI/FS and only 
if the President contracts with or arranges for a qualified person 
to assist the President in overseeing and reviewing the conduct of 
such RI/FS and if the responsible party agrees to reimburse the 
Fund for any cost incurred by the President under, or in connection 
with, the oversight contract or arrangement. In no event shall a po
tentially responsible party be subject to a lesser standard of liabil
ity, receive preferential treatment, or in any other way, whether di
rect or indirect, benefit from any such arrangements as a response 
action contractor, or as a person hired or retained by such a re
sponse action contractor, with respect to the release or facility in 
question. The President shall give primary attention to those re
leases which the President deems may present a public health 
threat. 

(2) REMOVAL ACTION.—^Any removal action undertaken by the 
President under this subsection (or by any other person referred to 
in section 122) should, to the extent the President deems prac
ticable, contribute to the efficient performance of any long term re
medial action with respect to the release or threatened release con
cerned. 

(3) LIMITATIONS ON RESPONSE.—The President shall not pro
vide for a removal or remedial action under this section in response 
to a release or threat of release— 

(A) of a naturally occurring substance in its unaltered 
form, or altered solely through naturally occurring processes or 
phenomena, from a location where it is naturally found; 

(B) from products which are part of the structure of, and 
result in exposure within, residential buildings or business or 
community structures; or 

(C) into public or private drinking water supplies due to 
deterioration ofthe system through ordinary use. 
(4) EXCEPTION TO LIMITATIONS.—Notwdthstanding paragraph 

(3) of this subsection, to the extent authorized by this section, the 
President may respond to any release or threat of release if in the 
President's discretion, it constitutes a public health or environ
mental emergency and no other person with the authority and ca
pability to respond to the emergency will do so in a timely manner. 

(b)(1) INFORMATION; STUDIES AND INVESTIGATIONS.—Whenever 
the President is authorized to act pursuant to subsection (a) of this 
section, or whenever the President has reason to believe that a re
lease has occurred or is about to occur, or that illness, disease, or 
complaints thereof may be attributable to exposure to a hazardous 
substance, pollutant, or contaminant and that a release may have 
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occurred or be occurring, he may undertake such investigations, 
monitoring, surveys, testing, and other infomiation gathering as he 
may deem necessary or appropriate to identify the existence and 
extent of the release or threat thereof, the source and nature of the 
hazardous substances, pollutants or contaminants involved, and 
the extent of danger to the public health or welfare or to the envi
ronment. In addition, the President may undertake such planning, 
legal, fiscal, economic, engineering, architectural, and other studies 
or investigations as he may deem necessary or appropriate to plan 
and direct response actions, to recover the costs thereof, and to en
force the provisions of this Act. 

(2) COORDINATION OF INVESTIGATIONS.—The President shall 
promptly notify the appropriate Federal and State natural resource 
trustees of potential damages to natural resources resulting from 
releases under investigation pursuant to this section and shall seek 
to coordinate the assessments, investigations, and planning under 
this section wdth such Federal and State trustees. 

(c)(1) Unless (A) the President finds that (i) continued response 
actions are immediately required to prevent, limit, or mitigate an 
emergency, (ii) there is an immediate risk to public health or wel
fare or the environment, and (iii) such assistance will not otherwise 
be provided on a timely basis, or (B) the President has determined 
the appropriate remedial actions pursuant to paragraph (2) of this 
subsection and the State or States in which the source of the re
lease is located have complied wdth the requirements of paragraph 
(3) of this subsection, or (C) continued response action is otherwise 
appropriate and consistent with the remedial, action to be taken! 
obligations from the Fund, other than those authorized by sub
section (b) of this section, shall not continue after $2,000,000 has 
been obligated for response actions or 12 months has elapsed from 
the date of initial response to a release or threatened release of 
hazardous substances. 

(2) The President shall consult with the affected State or 
States before determining any appropriate remedial action to be 
taken pursuant to the authority granted under subsection (a) of 
this section. 

(3) The President shall not provide any remedial actions pursu
ant to this section unless the State in which the release occurs first 
enters into a contract or cooperative agreement with the President 
providing assurances deemed adequate by the President that (A) 
the State will assure all future maintenance of the removal and re
medial actions provided for the expected life of such actions as de
termined by the President; (B) the State wdll assure the availability 
of a hazardous waste disposal facility acceptable to the President 
and in compliance with the requirements of subtitle C of the Solid 
Waste Disposal Act for any necessary offsite storage, destruction, 
treatment, or secure disposition of the hazardous substances; and 
(C) the State wdll pay or assure payment of (i) 10 per centum of 
the costs of the remedial action, including all future maintenance, 
or (ii) 50 percent (or such greater amount as the President may de
termine appropriate, taking into account the degree of responsi
bility of the State or political subdivision for the release) of any 

' So in law. Probably should be followed by a comma. 

December 31, 2002 

file://Q:/C0MP/ENVIR2/CERCLA


Q:\C0MP\ENVIR2\CERCLA 

Sec. 104 SUPERFUND 514 

sums expended in response to a release at a facility, that was oper
ated by the State or a political subdivision thereof, either directly 
or through a contractual relationship or otherwise, at the time of 
any disposal of hazardous substances therein. For the purpose of 
clause (ii) of this subparagraph, the term "facility" does not include 
navigable waters or the beds underlying those waters. The Presi
dent shall grant the State a credit against the share of the costs 
for which it is responsible under this paragraph for any docu
mented direct out-of-pocket non-Federal funds expended or obli
gated by the State or a political subdivision thereof after January 
1, 1978, and before the date of enactment of this Act for cost-eligi
ble response actions and claims for damages compensable under 
section 111 of this title relating to the specific release in question: 
Provided, however, That in no event shall the amount of the credit 
granted exceed the total response costs relating to the release. In 
the case of remedial action to be taken on land or water held by 
an Indian tribe, held by the United States in trust for Indians, held 
by a member of an Indian tribe (if such land or water is subject 
to a trust restriction on alienation), or otherwise within the borders 
of an Indian reservation, the requirements of this paragraph for as
surances regarding future maintenance and cost-sharing shall not 
apply, and the President shall provide the assurance required by 
this paragraph regarding the availability of a hazardous waste dis
posal facility. 

(4) SELECTION OF REMEDIAL ACTION.—The President shall se
lect remedial actions to carry out this section in accordance with 
section 121 of this Act (relating to cleanup standards). 

(5) STATE CREDITS.— 
(A) GRANTING OF CREDIT.—The President shall grant a 

State a credit against the share of the costs, for which it is re
sponsible under paragraph (3) with respect to a facility listed 
on the National Priorities List under the National Contingency 
Plan, for amounts expended by a State for remedial action at 
such facility pursuant to a contract or cooperative agreement 
with the President. The credit under this paragraph shall be 
limited to those State expenses which the President deter
mines to be reasonable, documented, direct out-of-pocket ex
penditures of non-Federal funds. 

(B) EXPENSES BEFORE LISTING OR AGREEMENT.—The credit 
under this paragraph shall include expenses for remedial ac
tion at a facility incurred before the listing of the facility on 
the National Priorities List or before a contract or cooperative 
agreement is entered into under subsection (d) for the facility 
if— 

(i) after such expenses are incurred the facility is list
ed on such list and a contract or cooperative agreement is 
entered into for the facility, and 

(ii) the President determines that such expenses would 
have been credited to the State under subparagraph (A) 
had the expenditures been made after listing of the facility 
on such list and after the date on which such contract or 
cooperative agreement is entered into. 
(C) RESPONSE ACTIONS BETWEEN i978 AND i98o.—The credit 

under this paragraph shall include funds expended or obligated 
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by the State or a political subdivision thereof after January 1, 
1978, and before December 11, 1980, for cost-eligible response 
actions and claims for damages compensable under section 
111. 

(D) STATE EXPENSES AFTER DECEMBER i i , i980, IN EXCESS 
OF 10 PERCENT OF COSTS.—The credit under this paragraph 
shall include 90 percent of State expenses incurred at a facility 
owned, but not operated, by such State or by a political sub
division thereof Such credit applies only to expenses incurred 
pursuant to a contract or cooperative agreement under sub
section (d) and only to expenses incurred after December 11, 
1980, but before the date of the enactment of this paragraph. 

(E) ITEM-BY-ITEM APPROVAL.—In the case of expenditures 
made after the date of the enactment of this paragraph, the 
President may require prior approval of each item of expendi
ture as a condition of granting a credit under this paragraph. 

(F) U S E OF CREDITS.—Credits granted under this para
graph for funds expended with respect to a facility may be 
used by the State to reduce all or part of the share of costs oth
erwise required to be paid by the State under paragraph (3) in 
connection with remedial actions at such facility. If the amount 
of funds for which credit is allowed under this paragraph ex
ceeds such share of costs for such facility, the State may use 
the amount of such excess to reduce all or part of the share 
of such costs at other facilities in that State. A credit shall not 
entitle the State to any direct payment. 
(6) OPERATION AND MAINTENANCE.—For the purposes of para

graph (3) of this subsection, in the case of ground or surface water 
contamination, completed remedial action includes the completion 
of treatment or other measures, whether taken onsite or offsite, 
necessary to restore ground and surface water quality to a level 
that assures protection of human health and the environment. 
With respect to such measures, the operation of such measures for 
a period of up to 10 years after the construction or installation and 
commencement of operation shall be considered remedial action. 
Activities required to maintain the effectiveness df such measures 
followdng such period or the completion of remedial action, which
ever is earlier, shall be considered operation or maintenance. 

(7) LIMITATION ON SOURCE OF FUNDS FOR O&M.—During any 
period after the availability of funds received by the Hazardous 
Substance Superfund established under subchapter A of chapter 98 
of the Intemal Revenue Code of 1954 from tax revenues or appro
priations from general revenues, the Federal share of the payment 
of the cost of operation or maintenance pursuant to paragraph 
(3)(C)(i) or paragraph (6) of this subsection (relating to operation 
and maintenance) shall be from funds received by the Hazardous 
Substance Superfund from amounts recovered on behalf of such 
fund under this Act. 

(8) RECONTRACTING.—The President is authorized to undertake 
or continue whatever interim remedial actions the President deter
mines to be appropriate to reduce risks to public health or the envi
ronment where the performance of a complete remedial action re
quires recontracting because of the discovery of sources, types, or 
quantities of hazardous substances not known at the time of entry 
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into the original contract. The total cost of interim actions under
taken at a facility pursuant to this paragraph shall not exceed 
$2,000,000. 

(9) SITING.—Effective 3 years after the enactment of the Super-
fund Amendments and Reauthorization Act of 1986, the President 
shall not provide any remedial aiitions pursuant to this section un
less the State in which the release occurs first enters into a con
tract or cooperative agreement with the President providing assur
ances deemed adequate by the President that the State wdll assure 
the availability of hazardous waste treatment or disposal facilities 
which— 

(A) have adequate capacity for the destruction, treatment, 
or secure disposition of all hazardous wastes that are reason
ably expected to be generated wdthin the State during the 20-
year period followdng the date of such contract or cooperative 
agreement and to be disposed of, treated, or destroyed, 

(B) are within the State or outside the State in accordance 
with an interstate agreement or regional agreement or author
ity, 

(C) are acceptable to the President, and 
(D) are in compliance with the requirements of subtitle C 

of the Solid Waste Disposal Act. 
(d)(1) COOPERATIVE AGREEMENTS.— 

(A) STATE APPLICATIONS.—^A State or political subdivision 
thereof or Indian tribe may apply to the President to carry out 
actions authorized in this section. If the President determines 
that the State or political subdivision or Indian tribe has the 
capability to carry out any or all of such actions in accordance 
with the criteria and priorities established pursuant to section 
105(a)(8) and to carry out related enforcement actions, the 
President may enter into a contract or cooperative agreement 
wdth the State or political subdivision or Indian tribe to carry 
out such actions. The President shall make a determination re
garding such an application wdthin 90 days after the President 
receives the application. 

(B) TERMS AND CONDITIONS.—A contract or cooperative 
agreement under this paragraph shall be subject to such terms 

^ and conditions as the President may prescribe. The contract or 
cooperative agreement may cover a specific facility or specific 
facilities. 

(C) REIMBURSEMENTS.—Any State which expended funds 
during the period beginning September 30, 1985, and ending 
on the date of the enactment of this subparagraph for response 
actions at any site included on the National Priorities List and 
subject to a cooperative agreement under this Act shall be re
imbursed for the share of costs of such actions for which the 
Federal Government is responsible under this Act. 
(2) If the President enters into a cost-sharing agreement pursu

ant to subsection (c) of this section or a contract or cooperative 
agreement pursuant to this subsection, and the State or political 
subdivision thereof fails to comply with any requirements of the 
contract, the President may, after providing sixty days notice, seek 
in the appropriate Federal district court to enforce the contract or 
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to recover any funds advanced or any costs incurred because of the 
breach of the contract by the State or political subdivision. 

(3) Where a State or a political subdivision thereof is acting in 
behalf of the President, the President is authorized to provide tech
nical and legal assistance in the administration and enforcement of 
any contract or subcontract in connection with response actions as
sisted under this title, and to intervene in any civil action involving 
the enforcement of such contract or subcontract. 

(4) Where two or more noncontiguous facilities are reasonably 
related on the basis of geography, or on the basis of the threat, or 
potential threat to the public health or welfare or the environment, 
the President may, in his discretion, treat these related facilities as 
one for purposes of this section. 

(e) INFORMATION GATHERING AND ACCESS.— 
(1) ACTION AUTHORIZED.—^Any officer, employee, or rep

resentative of the President, duly designated by the President, 
is authorized to take action under paragraph (2), (3), or (4) (or 
any combination thereof) at a vessel, facility, establishment, 
place, property, or location or, in the case of paragraph (3) or 
(4), at any vessel, facility, establishment, place, property, or lo
cation which is adjacent to the vessel, facility, establishment, 
place, property, or location referred to in such paragraph (3) or 
(4). Any duly designated officer, employee, or representative of 
a State or political subdivision under a contract or cooperative 
agreement under subsection (d)(1) is also authorized to take 
such action. The authority of paragraphs (3) and (4) may be ex
ercised only if there is a reasonable basis to believe there may 
be a release or threat of release of a hazardous substance or 
pollutant or contaminant. The authority of this subsection may 
be exercised only for the purposes of determining the need for 
response, or choosing or taking any response action under this 
title, or otherwise enforcing the provisions of this title. 

(2) ACCESS TO INFORMATION.—^Any officer, employee, or 
representative described in paragraph (1) may require any per
son who has or may have information relevant to any of the 

'following to furnish, upon reasonable notice, information or 
documents relating to such matter: 

(A) The identification, nature, and quantity of mate
rials which have been or are generated, treated, stored, or 
disposed of at a vessel or facility or transported to a vessel 
or facility. 

(B) The nature or extent of a release or threatened re
lease of a hazardous substance or pollutant or contaminant 
at or from a vessel or facility. 

(C) Information relating to the ability of a person to 
pay for or to perform a cleanup. 

In addition, upon reasonable notice, such person either (i) shall 
grant any such officer, employee, or representative access at all 
reasonable times to any vessel, facility, establishment, place, 
property, or location to inspect and copy all documents or 
records relating to such matters or (ii) shall copy and furnish 
to the officer, employee, or representative all such documents 
or records, at the option and expense of such person. 
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Groundwater Quality Data by Location (USEE100) FOR SITE AMB01, Ambrosia Lake Disposal Site 
REPORT DATE: 2/22/2008 
Location: 0675 WELL 

Parameter 

Alkalinity, Total (As CaCOS) 

Molybdenum 

Molybdenum 

Nitrate + Nitrite as Nitrogen . 

Nitrate -i- Nitrite as Nitrogen 

Oxidation Reduction 
Potential 

pH 

Selenium 

Selenium 

Specific Conductance 

Sulfate 

Sulfate 

Temperature 

Turbidity 

Uranium 

Uranium 

-Uni ts 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mV 

s.u. 

mg/L 

mg/L 

umbos 
/cm 

mg/L 

mg/L 

C 

NTU 

mg/L 

mg/L 

Sample 
Date 

11/07/2007 

11/07/2007 

11/07/2007 

11/07/2007 

11/07/2007 

11/07/2007 

11/07/2007 

11/07/2007 

11/07/2007 

11/07/2007 

11/07/2007 

11/07/2007 

11/07/2007 

11/07/2007 

11/07/2007 

11/07/2007 

ID ; 

0001 

0001 

0002 

0001 

0002 

NODI 

N001 

0001 

0002 

N001 

0001 

0002 

N001 

N001 

0001 

0002 

Depth Range 
(FtBLS) 

21.81 

21.81 

21.81 

21.81 

21.81 

21.81 

21.81 

21.81 

21.81 

21.81 

21.81 

21.81 

21.81 

21.81 

21.81 

21.81 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

31.8 

31.8 

31.8 

31.8-

31.8 

31.8 

31.8 

31.8 

31.8 

31.8 

31.8 

31.8 

31.8 

31.8 

31.8 

31.8 

Result 

139 

0.12 

0.12 

54 

66 

58.3 

7.51 

0.86 

0.82 

5660 

3200 

3200 

13.8 

1.39 

0.27 

1 0.27 

Qualifiers 
Lab Data 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

QA 

# 

# 

# 

# 

# 

# 

# 

# 

# 

# 

# 

# 

# 

# 

# 

# 

Detection 
Limit 

.00049 

.00049 

.5 

.5 

.0056 

.0056 

25 

25 

.000058 

.000058 

Uncertainty 



Groundwater Quality Data by Location (USEE100) FOR SITE AMB01, Ambrosia Lake Disposal Site 
REPORT DATE: 2/22/2008 
Location: 0678 WELL 

Parameter 

Molybdenum 

Nitrate -i- Nitrite as Nitrogen 

Oxidation Reduction 
Potential 

pH 

Selenium 

Specific Conductance 

Sulfate. 

Temperature 

Turbidity 

Uranium 

Units 

mg/L • 

mg/L 

•mV 

s.u. 

mg/L 

umbos 
/cm 

mg/L 

C 

NTU 

mg/L 

Sample 
Date • 

11/07/2007 

11/07/2007 

11/07/2007 

11/07/2007 

11/07/2007 

11/07/2007 

11/07/2007 

11/07/2007 

11/07/2007 

11/07/2007 

ID 

0001 

0001 

N001 

N001 

0001 

N001 

0001 

N001 

NODI 

0001 

. 'Depth Range 
• (RBLS) 

237.15 

. 237.15 • 

237.15 

237.15 • 

237.15 

237.15 

237.15 

237.15 

237.15 

237.15 • 

- 257.15 

- 257.15 

- 257.15 

- 257.15 

- 257.15 

• 257.15 

• 257.15 

257.15 

• 257.15 

• 257.15 

Result 

0.0057 

390 

36.1 

7.24 

0.12 

14318 

8200 

12.13 

1.62 

0.053 

Qualifiers 
Lab Data 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

QA 

# 

# 

# 

# 

# 

# 

# 

# 

# 

# 

Detection 
Limit 

.000098 

5 

.00028 

100 

.000012 

Uncertainty 

SAMPLE ID CODES: 000X= Filtered sample (0.45 um). NOOX = Unfiltered sample. X = replicate number. 

LAB QUALIFIERS: 
Replicate analysis not within control limits. 

> Result above upper detection limit. 
A TIC Is a suspected aldol-condensation product. 
B Inorganic: Result Is between the IDL and CRDL. Organic: Analyte also found In method blank. 
C Pesticide result confirmed by GC-MS. 
D Analyte determined in diluted sample. 
E Inorganic: Estimate value because of Interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS. 
H Holding time expired, value suspect. 
I Increased detection limit due to required dilution. 
J Estimated 
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively Identified compound (TIC). 
P > 25% difference in detected pesticide or Aroclor concentrations between 2 columns. 
U Analytical result below detection limit. 
W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance. 
X,Y,Z Laboratory defined qualifier, see case narrative. 

Lsa 
• 
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STATIC WATER LEVELS (USEE700) FOR SITE AMB01, Ambrosia Lake Disposal Site 
REPORT DATE: 2/22/2008 

Location 
Code 

0675 

0678 

Flow 
Code 

D 

C 

FLOW CODES: B 
N 

Top df 
Casing 

Elevation 
(Ft) 

6966.65 

6987.94 

BACKGROUND 
UNKNOWN 

Measurement 
bate Time 

11/07/2007 

11/07/2007 

C CROSS GRADIENT 
O ONSITE 

Depth From 
Top of 

Casing (Ft) 

18.5 

225.55 

Water 
Elevation 

(Ft) 

6948.15 

6762.39 

D DOWNGRADIENT 
U UPGRADIENT 

Water 
Level 
Flag 

F OFFSITE 

WATER LEVEL FLAGS: D Dry F FLOWING 
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Sahijiiling Event Summary 

Site: Ambrosia Lake, New Mexico, Disposal Site 

Sampling Period: September 21,2004 

The Long-Term Surveillance Plan for the Ambrosia Lake, New Mexico, Disposal Site does not 
require ground water monitoring because ofthe application of supplemental standards. However, 
at the request ofthe New Mexico Environment Department, the U.S. Department of Energy 
conducts limited monitoring at two locations, monitor wells 0675 and 0678. Water levels were 
measured at each sampled well. 

Sampling and analysis was conducted as specified in FY 2004 Sampling Frequencies and 
Analyses (January 2004). The data from this sampling event are consistent with values 
previously obtained.. 

Richard K, Johnson Date 
Site Lead 

^ / l i / o C 

U.S. IX-panmonl of Energy DVP—^September 20O4 Ambrosia LaVe. New Mexico. Disposal Site 
March ÔO.-) RIN 04090108 

Paye I 
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Water Sampling Field Activities Verification Checklist 

Project 

Date(s) of Verification 

Ambrosia Lake. New Mexico 

January 27,2005 

Date(s) of Water Sampling 

Name of Verifier 

Response 
(Yes, No, NA) 

September 21.2004 

Steve Donivan 

1. Is ttie SAP ttie primary document directing field procedures? 

List other documents, SOP's, instructions. 

2. Were the sampling locations specified in Ihe planning documents sampled? 

3. Was a pro-trip calibration conducted as specified in the above named 
documents? 

4. Was an operational check ol the field equipment conducted tvnce daily? 

Did the operational checks meet criteria? 

5. Were the number and types (alkalinity, temperature. Ec, pH, turbidity, DO, 
ORP) of field measurements taken as specified? 

6. Was the Category of the well documented? 

7. Were the following conditions met when purging a Category I well: 

Was one pump/tubing volume purged prior to sampling? 

Did the water level stabilize prior fo sampling? 
Did pH, specific conductance, and turbidity measurements stabilize prior to 
sampling? 

Was the flow rate less than 500 miymln? 
If a portable pump was used, was there a 4 hour delay between pump 
installation and sampling? 

Comments 

Work order dated 4/6/2004 

Yes 

Yes 

No 
One operational check, samples collected within a 4 hour 
period 

Yes 

Yes 

No Well 0675 not cateqorized, assumed to be cateqory 1 

Yes 

Yes 

Yes 

Yes 

NA 
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Water Sampling Field Activities Verification Checklist (continued) 

Response 
(Yes, No, NA) 

Comments 

< 

3 
7 

> 
3 

I 

I 
n 
Z 
n 
J. 

"5» 

O 

2 ' S E . 

Ol «" ft 

8. Were the following conditions met when purging a Category II well: 

Was the flow rate less than 500 mL/min? Yes 

Was one pump/lubing volume removed prior to sampling? 

9. Were duplicates taken at a frequency of one per 20 samples? 

lO.VVere equipment blanks taken at a frequency of one per 20 samples that were 
collected with nondedicated equipment? 

11. Were trip blanks prepared and included vyith each shipment of VOC samples? 

12.Were QC samples assigned a fictitious site identification number? 
Was the tme Identity of the samples recorded on the Quality Assurance 
Sample Log? 

13. Were samples collected In the containers specified? 

14.Were samples filtered and preserved as specified? 

15. Were the number and types of samples collected as specified? 

16. Were chain of custody records completed and was sample custody 
maintained? 

17. Are field data sheets signed and dated by both team members? 

18.Was all other pertinent information documented on the field data sheets? 

19.Was the presence or absence of ice in the cooler documented at evety 
sample location? 

20. Were water levels measured at the locations specified in the planning 
documents? Yes 

Yes 

Yes 

NA 

NA 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No One signature 

Yes 

Yes 
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Ground Water Quality Data by Location (USEE100) FOR SITE AMB01. Ambrosia Lake Disposal Site 
REPORT DATE: 3/14/2005 
Location: 0675 (well) 

Parameter Units Sampla 
Date ID 

Depth Range 
(FtBLS) 

Result Qualifiera 
Lab Data QA 

Detection 
Umit 

lincertalnty 

Alkalinity. Total (As CaC03) 

Molybdenum 

Motytxlenum 

Nitrate + Nitrite as Nitrogen 

Nitrate + Nitr«e as Nitrogen 

Oxidation Reduction 
Potential 

pH 

Selenium 

Selenium 

Specific Conductance 

Sulfate 

Sullate 

Temperature 

Turbidity 

Uranium 

Uranium 

mgA. 

mg/L 

mg/L 

mg/L 

mg/L 

mV 

s.u. 

mg/L 

mgrt. 

umbos 
/cm 

mg/L 

mg/L 

C 

NTU 

mg/L 

mg/L 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

0001 

0001 

0002 

0001 

0002 

N001 

N001 

0001 

0002 

NOOl 

0001 

0002 

NOOl 

NOOl . 

0001 

0002 

21.B1 

21.81 

21.81 

21.61 . • 

21.81 

21.81 

21.81 • 

21.81 

21.81 

21.81 

21.81 

21.81 

21.81 

21.81 

21.81 

21.81 

31.81 

31.81 

31.81 

31.81 

31.81 

31.81 

31.81 

31.81 

31.81 

31.81 

31.81 

31.81 

- 31.81 

• 31.81 

• 31.81 

• 31.81 

315 

0.6 

0.56 " 

50 

50 

60.5 

7.02 

0.66 

0.65 

6555 

3200 

3200 

13.89 

4.85 

1-1 

1.1 

F 

JF 

JF 

JF 

JF 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

# 

# 

# 

# 

# 

n 

# 

# 

# 

# 

# 

» 

# 

# 

n 

# 

0.0034 

0.0034 

0.5 

0.5 

0.0015 

0.0015 

50 

50 

0.00017 

0.00017 
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Ground Water Quality Data by Location (USEE 100) FOR SITE AMB01. Ambrosia Lake Disposal Site 
REPORT DATE: 3/14/2005 
Location; 0678 (well) 

Parameter Untts 
Sampla 

Data ID 
Depth Range 

(FtBLS) 
Result 

. Qualifiers Detection 
U b Data QA Umit 

Uncertainty 

Alkalinity, Total (As CaC03) 

Molybdenum 

Nitrate *• Nitrite as Nilrogon 

Oxidation Reduction 
Potential 

pH 

Selenium 

Specinc Conductance 

Sulfate 

Temperature 

Turtldlty 

Uranium 

wg/L 

mg/L 

mgA. 

mV 

S.U. 

mg/L 

umbos 
/cm 

mg/L 

C 

NTU 

mg/L 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

9/21/2004 

0001 

0001 

0001 

. NOOl 

NOOl 

oobi 

NOOl 

0001 

NOOl 

NOOl 

0001 

237.15 

237.15 

237.15 

237.15 

237.15 

237.15 

237.15 

237.15 

237.15 

237.15 

237.15 

. 257.15 

257.15 

• 257.15 

. 257.15 

257.15 

257.15 

. . 257.15 

• 257.15" 

• 257.15 

• 257.15 

. 257.15 

639 

0.012 

520 

63 

7.29 

0.23 

13580 

6800 

15.01 

14.6 

. 0.057 

FQ 

JFQ 

JFQ 

FQ 

FQ 

FQ 

FQ 

FQ 

FQ 

FQ 

FQ 

ft 

# 

# 

* r 
# 

# 

# 

# 

» 

« 

# 

0.00017 

5 

0.0015 

100 

0.0000083 
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SAMPLE ID CODES: OOOX = Filtered sample (0.45 um). NOOX = Unliltered satnple. X = replicate number. 
LABQUALIRERS: 

• Replicate analysis not within control limits. 
> ResuU above upper detection Umit. 
A TIC Is a suspected aldot^ondensatlon product. 
B Inorganic: Result is between the IDL and CRDL Organic: /^alyte also found In method blank. 
C Pestldda result confltmed by GC-MS. 
D Analyte determined In diluted sample. 
e Inorganic: Estimate value because ot Interference, see case narrative. Organte: Analyte exceeded calibration range of the GC-MS. 
H Holding time expired, value suspect. 
I Increased detection limit due fo required difutfan. 
J Estimated 
N Inorganic or radiochemical: Spike sample recovery not wtthin control limits. Organic: Tentatively Identified compund (TIC). 
P > 25% diflerence In detected pesticide or Aroclor concentrations between 2 columns. 
U Analytical result below detection limit. 
W Post-dlgestlon spike outside control limits while sample absoibance < 50% of analytical spike absotbance. 
X laboratoiy defined (USEPA CLP organic) qualifier, seo case narrative. 
Y Laboratory delined (USEPA CLP organic) qualifier, see case narrative. 
Z Laboratoty delined (USEPA CLP organic) qualitier, see case narrath»e. 

DATA QUALIFIERS: 
F Low flow sampling method used. G Possible grout contamination. pH > 9. J Estimated value. 
L Less than 3 bore volumes purged prior to sampling. Q Qualitative result due to sampling technique R Unusable result. 
U Parameter analyzed for but was not detected. X Location Is undefined. 

QA QUALIFIER: « = validated according to Quality Assurance guidelines. 
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U.S. Department of Energy 
Grand Junction Office 

2597 B 3/4 Road 
Grand Junction, CO 81503 
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Daniel M. Gillen 
U.S. Nuclear Regulatory Commission 
Fuel Cycle Facilities Branch, NMSS 
Two White Flint North 
11545RockvillePike 
Rockville, MD 20852-2747 

Subject: 2002 Annual Site Inspection and Monitoring Report for UMTRCA 
Title I Disposal Sites 

Dear Mr. Gillen: 

Four copies ofthe 2002 Annual Inspection and Monitoring Report for Uranium Mill Tailings 
Radiation Control Act Title I Disposal Sites are enclosed. This report is submitted to comply 
with reporting requirements of 10 CFR 40.27. 

The report covers the annual inspections ofthe 18 licensed Title I disposal sites and the closed 
portion ofthe unlicensed Grand Junction, Colorado, disposal site. 

If NRC has comments or questions about this report, please contact me at 970/248-6027. 

Sincerely, 

,\,X— 

/John P. Gilmore 
Project Manager 

Enclosure 

cc w/o enclosure: 
A. Kleinrath, DOE-GJO 
R. Johnson, Stoller 
Project File LREP 6.3.1 (thru A. Temple) 

Gilmore/2002 Title I Report to NRC 1.doc 
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Executive Summary 

This report, in fulfillment of a license requirement, presents the results of Long-Term 
Surveillance and Maintenance Program stewardship activities conducted by the U.S. Department 
of Energy (DOE) in 2002 at 19 uranium mill tailings disposal sites established under Title I of 
the Uranium Mill Tailings Radiation Control Act (UMTRCA) of 1978*. These activities verified 
that the UMTRCA Title I disposal sites remain in compliance with license requirements. 

DOE operates 18 UMTRCA Title I sites under a general license granted by the U.S. Nuclear 
Regulatory Commission in accordance with Title 10 Code of Federal Regulations Part 40.27. 
The Grand Junction, Colorado, disposal site, included in the list of 19 Title I sites, will not be 
licensed until an open, operating portion ofthe cell is filled and closed, perhaps in 2023. This site 
is inspected in accordance with an interim Long-Term Surveillance Plan. 

The Long-Term Surveillance and Maintenance Program at the DOE Grand Junction, Colorado, 
Office is responsible for providing stewardship services for these disposal sites. Services include 
site inspections and maintenance, monitoring of environmental media and institutional controls, 
conducting any necessary corrective action, and performing administrative, records, stakeholder 
participation, and other regulatory functions. 

Annual site inspections and monitoring are conducted in accordeince with site-specific Long-
Term Surveillance Plans and procedures established by DOE to comply with license 
requirements. Each site inspection is performed to verify the integrity of visible features at the 
site; to identify changes or new conditions that may affect the long-term performance ofthe site; 
and to determine the need, if any, for maintenance, follow-up or contingency inspections, or 
corrective action. Program plans and site compliance reports are available on the Intemet at 
www.gjo.doe.gov. 

Many ofthe sites require routine maintenance including vegetation control, fence repairs, and 
sign replacement. The following nonroutine activities^ occurred in 2002: 

• Burrell, Pennsylvania—^regulator concurred with revised Long-Term Surveillance Plan; 
• Maybell, Colorado—^placed additional riprap for erosion control, and installed boundary 

monuments at all property comers; 
• Mexican Hat, Utah—revised the monitoring frequency for ground water seeps, and 

conducted a follow-up inspection to assess storm damage; 
• Naturita, Colorado—closed the storm water discharge permit; 
• Rifle, Colorado—installed a new fence and gate across the site access road; and 
• Decommissioned 41 unneeded monitor wells and standpipes at five sites. 

Congress directed that the Moab, Utah, processing site be remediated under Title I of UMTRCA; this eventually 
will become the twentieth Title I disposal site. 
^Nonroutine activities are defined in the Long-Term Surveillance and Maintenance Program Plan, 
(GJO-99-93-TAR, June 1999) as activities implemented in response to changes in site conditions, regulatory setting, 
or management structure following a regulatory compliance review. 

DOE/Grand Juiiction Office LTSM Program 2002 UMTRCA Title 1 Annual Report 
December 2002 Executive Summary 
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Results ofthe annual site inspection and monitoring activities performed by the Long-Term 
Surveillance and Maintenance Program are reported in the site-specific chapters that follow. 
Significant actions and issues at each site are summarized in the following table, which includes 
an index number for each item that can be found in the left margin next to the corresponding text 
in the respective site chapter. 

2002 Summary of UMTRCA Title I Site Issues and Status 
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Site 

Ambrosia Lake, 
NewMexico 

Bun-ell, 
Pennsylvania 

Canonsburg, 
Pennsylvania 

Durango, 
Colorado 

Falls City. 
1 Texas 

Grand Junction, 
Colorado 

Green River, 
Utah 

Gunnison, 
Colorado 

Lakeview, 
Oregon 

Lowman, Idaho 

Maybell, 
Colorado 

Mexican Hat, 
Utah 

Chapter 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Page 

1-2 
1-2 
1-5 
1-5 
2-1 

2-2 

2-2 
2-5 
2-5 
3-2 
3-2 
3-5 
3-6 
4-2 
4-2 
4-2 
4-6 
5-2 
5-5 
6-2 
6-2 
6-5 
6-5 

6-10 
7-2 
7-5 
7-6 
7-7 
8-2 
8-2 
8-5 
9-1 
9-2 
9-2 
9-2 
9-5 

10-2 
10-5 
10-6 
11-2 
11-2 
11-2 
11-5 
11-5 
11-5 
11-7 
12-2 
12-5 
12-5 

Index 
No. 
IA 
IB 
IC 
ID 
2A 

2B 

2C 
2D 
2E 
3A 
3B 
3C 
3D 
4A 
4B 
4C 
40 
5A 
SB 
6A 
6B 
6C 
6D 
6E 
7A 
7B 
7C 
7D 
8A 
8B 
8C 
9A 
9B 
9C 
9D 
9E 
10A 
108 
IOC 
11A 
I I B 
l i e 
110 
11E 
11F 
11G 
12A 
12B 
12C 

Act ions and issues 

Shallow depression on disposal cell top. 
Control of vegetation on cell top. 
Control of vegetation along cell apron. 
Ground water monitoring. 
U.S. Nuclear Regulatory Commission concurrence with revised 
Long-Term Surveillance Plan. 
Obtain regulator concun-ence to remove derelict access gate. 
Maintenance: damaged perimeter signs replaced. 
Maintenance: missing boundary monument cap replaced. 
Unneeded monitor wells decommissioned. 

Maintenance: missing perimeter sign replaced. 
Unneeded monitor wells decommissioned. 
Institutional controls needed for sale of /Vrea C. 
Ground water monitoring. 
Maintenance: missing perimeter signs replaced and reinforced. 
Maintenance: vegetation control. 
Maintenance; biological control of vegetation initiated. 
Ground water monitoring; existing well added to monitoririg network. 
Maintenance: vegetation control. 
Ground water monitoring. 
Maintenance; erosion along access road. 
Maintenance; perimeter signs resecured or replaced. 
Vegetation encroachment and evaluation. 
Maintenance; erosion of drainage ditch. 
Ground water monitoring. 
Maintenance: missing perimeter signs replaced. 
Maintenance; access gate resecured. 
Ground water monitoring. 
Precipitation monitoring. 
Maintenance; missing perimeter sign replaced. 
Maintenance; vegetation control. 
Inspected condition of riprap in test areas. 
Revised Long-Term Surveillance Plan pending NRC concurrence. 
Maintenance; fence repaired. 
Maintenance; entrance sign replaced. 
Investigation on effects of vegetation on cell. 
Riprap size recalculated for gradation tests. 
Vegetation encroachment. 
Control of noxious weeds. 
Revised Long-Term Surveillance Plan in preparation. 
Maintenance; fence repaired. 
Perimeter sign Icx^ations verified. n 
Boundary monuments installed. | 
Unneeded monitor wells decommissioned. | 
Maintenance; vegetation control. 
Additional riprap placed for erosion control. 
Settlement plates resurveyed. 
Storm runoff damage. 
Follow-up inspection to assess storm damage. 
Seep monitoring; revised sampling requirement. 
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site Chapter Page 
Index 
No. Act ions and Issues 

Naturita, 
Colorado 13 

13-2 
13-5 
13-5 
13-5 
13-6 

13A 
13B 
13C 
13D 
13E 

Standpipe decommissioned. 
Revision of toe drain right-of-way permits pending. 
Storm water discharge permit closed. 
Maintenance; vegetation control. 
Ground water monitoring. 

Rifle, Colorado 14 

14-2 
14-2 
14-6 
14-6 

14A 
14B 
14C 
14D 

Security: fence and gate installed across access road. 
Maintenance: cell-dewatering pump and wellhead repaired. 
New erosion near cell. 
Reclamation: BLM Temporary Permit active until successful 
revegetation. 

Salt Lake City, 
Utah 

15 15-2 
15-2 

15A 
15B 

New access route. 
New entrance gate and relocated entrance sign. 

Shiprock, 
New Mexico 16 

16-2 
16-2 
16-5 
16-5 

ISA 
16B 
16C 
16D 

Erosion and fence damage from storm runoff. 
Boundary monument washed away. 
Vegetation encroachment. 
Erosion below armored portion of outfall channel. 

Slick Rock, 
Colorado 17 

17-2 
17-2 
17-5 

17A 
17B 
17C 

Maintenance: fence repaired. 
Two standpipes decommissioned. 
Maintenance; vegetation control. 

Spook, 
Wyoming 

18 18-5 18A Agreement executed between DOE and adjacent landowner 
conceming use of water well. 

Tuba City, 
Arizona 19 

19-2 
19-5 
19-5 

19-5 
19-6 

19A 
19B 
19C 

190 
19E 

Active ground water remediation activities. 
Maintenance: vegetation control. 
On-going evaluation of sand accumulation and vegetation 
encroachment on cell. 
Sand and tumbleweed accumulation along fence. 
Ground water monitoring. 
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2002 Annual Compliance Report 
Ambrosia Lake, New Mexico, Disposal Site 

Compliance Summary 

The site, inspected on May 8, 2002, was in excellent condition. Several perimeter signs were 
realigned and resecured. Deep-rooted vegetation was observed on and around the cell cover and 
will be removed. DOE conducted the first post-closure ground water sampling event for the site. 
Inspectors identified no requirement for a follow-up or contingency inspection. 

Compliance Requirements 

Requirements for the long-term surveillance and maintenance ofthe Ambrosia Lake, New 
Mexico, Uranium Mill Tailings Radiation Control Act (UMTRCA) Title I disposal site are 
specified in the Long-Term Surveillance Plan for the Ambrosia Lake, Ne'w Mexico, Disposal Site 
(bOE/AL/62350-211, Rev. 1, U.S. Department of Energy [DOE], Albuquerque Operations 
Office, July 1996) and in procedures established by the DOE Grand Junction Office to comply 
with requirements of Title 10 Code of Federal Regulations Part 40.27 (10 CFR 40.27). Table l-I 
lists these requirements. 

Table 1-1. License Requirements forthe Ambrosia Lake, New Mexico. Disposal Site 

Requirement Long-Term Surveillance Plan This Report 
Annuallnspection and Report Section 6.0 Section 1.0 
Follow-up or Contingency Inspections Sections 6.0 and 7.0 Section 2.0 
Routine Maintenance and Repairs Section 8.0 Section 3.0 
Ground Water Monitoring Section 5.0 Section 4.0 
Corrective Action Section 9.0 Section 5.0 

Compliance Review 

1.0 Annual Inspection and Report 

The site, north of Grants, New Mexico, was inspected on May 8, 2002. Resuhs ofthe inspection 
are described below. Features mentioned in this report are shown on Figure 1-1. Numbers in the 
left margin of this report refer to items summarized in the Executive Summary table. 

1.1 Specific Site Surveillance Features 

Access Road, Entrance Sign, Perimeter Signs—The Ambrosia Lake Disposal Site is accessed 
via a gravel road that leads to the site (and beyond) from New Mexico State Highway 509. The 
site is reached by passing through a locked gate and traveling east along this road for 
approximately 1 mile. The gate is locked because the road leads to private mining and grazing 
interests that lie farther to the east. Nuinerous locks are connected in series to allow other users 

DOE/Grand Junction Office LTSM Program 2002 UMTRCA Title I Annual Report 
December 2002 Ambrosia Lake. New Mexico 

Page 1-1 



passage through the gate. The access road passes through the DOE-owned property along the 
south boundary ofthe site. 

The entrance and all perimeter signs were in good condition. Several perimeter signs along the 
westem property boundary had rotated on their posts; the movement most likely caused by 
prevailing winds. Inspectors realigned the signs to their proper position and resecured the 
associated hardware. Future inspections will continue to monitor the condition ofthe signs. 

Site Markers, Survey and Boundary Monuments—^The two granite site markers, three 
combined survey and boundary monuments, and five additional boundary monimients were all 
undisturbed and in excellent condition. 

Monitor Wells—Twenty monitor wells were decommissioned in September 2001. All 
decommissioned monitor well sites were reclaimed at the time of decommissioning. There is 
little to no evidence of land disturbance associated with these reclaimed sites, and the vegetation, 
although sparse, is expected to be restored to a condition representative ofthe surrounding, 
undisturbed areas. There is no further need to inspect these decommissioned sites during fiiture 
inspections. 

Only two monitor wells (0675 and 0678) remain at this site. Both wells were inspected and 
found to be secure and in excellent condition. 

Mine Vents—Two mine vent shafts, associated with abandoned underground mines, are within 
the site boundary; a third vent is west ofthe site within DOE's restrictive easement that prohibits 
mining. The mine vent located north ofthe disposal cell is the only one that has a spot-welded 
cover that can be considered a permanent closure. The other two vents have bolted-on covers that 
do not constitute a permanent closure. All vents were secure at the time ofthe inspection. 

1.2 Transects 

To ensure a thorough and efficient inspection, the site was divided into four areas referred to as 
transects: (1) the riprap-covered top ofthe disposal cell; (2) the riprap-covered side slopes and 
apron ofthe cell; (3) the graded and revegetated area between the disposal cell and the site 
perimeter; and (4) the outlying area. 

Top of Disposal Cell—^The top of the disposal cell was in excellent condition. With exception of 
one location there was no evidence of cracking, settling, slumping, or erosion. A shallow 

''^ depression around settlemerit plate SP-4 was first noted during the 1997 inspection; however, 
there has been no visible indication to suggest the depression holds water. At the time ofthe 
2002 annual inspection, the subsidence was estimated to measure approximately 20 feet across 
and approximately 1 foot in depth. The depression will continue to be monitored to ensure the 
integrity of the cell cover. 

IB 
Several isolated four-wing saltbush shrubs were observed at various locations on the cell cover. 
These deep-rooted shmbs growing on the disposal cell will be removed before the next 
inspection. 
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Side Slopes and Apron—^The side slopes and apron were in excellent condition and showed no 
evidence of cracking, settling, slumping, or erosion. Tamarisk was observed growing in several 

IC locations along the southem edge ofthe disposal cell apron and will be removed before the next 
inspection. No evidence of recent animal burrowing was noted during this year's inspection. No 
standing water was observed in the apron along the south side slope, as had been noted during 
previous inspections. 

Graded and Revegetated Site Area—In general, site vegetation was healthier than vegetation 
in the surroimding areas. Some areas were windswept with little growth, while other areas had 
excellent coverage. Inspectors observed little evidence of cattle grazing adjacent to the disposal 
cell and the outlying portions ofthe DOE property. To date, grazing in the revegetated areas of 
the site has not been a problem. The pereimial grasses planted in the graded areas adjacent to the 
disposal cell are well established. 

For several years, inspectors have monitored rills and gullies within the DOE property north and 
east ofthe disposal cell. The gullies are located at sufficient distances from the disposal cell that 
they do not present an immediate threat to the cell. The gullies appeared to be stabilizing.. 

Outlying Area—^The area within 0.25 mile ofthe site boundary was inspected and found to be 
unchanged. 

2.0 Follow-up or Contingency Inspections 

No follow-up or contingency inspections were required in 2002. 

3.0 Routine Maintenance and Repairs 

Other than realigning several perimeter signs, no maintenance or repairs were required in 2002. 

4.0 Ground Water Monitoring 

The Long-Term Surveillance Plan establishes that ground water monitoring is not required at this 
site because (1) the ground water is heavily contaminated from underground uranium mining and 
naturally occurring mineralization, and (2) the uppermost aquifer is of limited use due to low 
yield. However, at the request ofthe New Mexico Environment Department, DOE conducts 
limited monitoring at two locations. Monitor well 0675 is completed in the alluvium, and 
monitor well 0678 is completed in the uppermost sandstone bed. DOE samples these locations 
once every third year, for up to 30 years, and evaluates the results after every third sampling 
event. 

— ID 
The first post-closure sampling event was conducted on December 7, 2001. The data from this 
sampling event are presented in Table 1-2. 
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Table 1-2. Analytical Results from the December 7, 2001, Sampling Event 

well pH cô d'uSSvlty ";:;";r '^'^'yiT"'" ^ t o f " 'SSNJ S"'*?« 

0675 6.72 7,000 3.17 3.92 0.433 41.7 4,040 
0678 7.26 14.280 0.073 0.023 0.169 479 7.340 
pOhms/cm = micro-otims per centimeter 
mg/L = milligrams per liter 

5.0 Corrective Action 

Corrective action is action taken to correct out-of-compliance or hazardous conditions that create 
a potential health and safety problem or that may affect the integrity ofthe disposal cell or 
compliance with 40 CFR 192. 

No corrective action was required in 2002. 
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TITLE 20 ENVIRONMENTAL PROTECTION 
C a i ^ T E R 6 WATER QUALITY 
P M m l GROUND AND SURFACE WATER PROTECTION 

20.6.2.1 ISSUING AGENCY: Water Quality Control Commission 
[12-1-95; 20.6.2.1 NMAC - Rn, 20 NMAC 6.2.L 1000, 1-15-01] 

20.6.2.2 SCOPE: All persons subject to the Water Quality Act, NMSA 1978, Sections 74-6-1 et seq. 
[12-1-95; 20.6.2.2 NMAC - Rn, 20 NMAC 6.2.L1001, 1-15-01] 

20.6.2.3 STATUTORY AUTHORITY: Standards and Regulations are adopted by the commission under the authority of the Water 
Quality Act, NMSA 1978, Sections 74-6-1 through 74-6-17. 
[2-18-77, 9-20-82, 12-1-95; 20.6.2.3 NMAC - Rn, 20 NMAC 6.2.L1002, 1-15-01] 

20.6.2.4 DURATION: Permanent. 
[ 12-1-95; 20.6.2.4 NMAC-Rn, 20 NMAC 6.2.L 1003, 1-15-01] 

20.6.2.5 EFFECTIVE DATE: December 1, 1995 unless a later date is cited at the end of a section. 
[12-1-95, 11-15-96; 20.6.2.5 NMAC-Rn, 20 NMAC 6.2.L 1004, 1-15-01; A, 1-15-01] 

20.6.2.6 OBJECTIVE: The objective of this Part is to implement the Water Quality Act, NMSA 1978, Sections 74-6-1 et seq. 
[12-1-95; 20.6.2.6 NMAC - Rn, 20 NMAC 6.2.L 1005, 1-15-01] 

20.6.2.7 DEFINITIONS: Terms defined in the Water Quality Act, but not defined in this part, will have the meaning given in the act. 
As used in this part: 

A. "abandoned well" means a well whose use has been permanently discontinued or which is in a state of disrepair such that it 
cannot be rehabilitated for its intended purpose or other purposes including monitoring and observation; 

B. "abate" or "abatement" means the investigation, containment, removal or other mitigation of water pollution; 
C. "abatement plan" means a description of any operational, monitoring, contingency and closure requirements and conditions 

fo^^prevention, investigation and abatement of water pollution, and includes Stage 1, Stage 2, or Stage 1 and 2 of the abatement plan, as 
appWed by the secretary; 

D. "adjacent properties" means properties that are contiguous to the discharge site or property that would be contiguous to the 
discharge site but for being separated by a public or private right of way, including roads and highways. 

E. "background" means, for purposes of ground-water abatement plans only and for no other purposes in this part or any other 
regulations including but not limited to surface-water standards, the amount of ground-water contaminants naturally occurring from undisturbed 
geologic sources or water contaminants which the responsible person establishes are occurring from a source other than the responsible person's 
facility; this definition shall not prevent the secretary from requiring abatement of commingled plumes of pollution, shall not prevent responsible 
persons from seeking contribution or other legal or equitable relief from other persons, and shall not preclude the secretary from exercising 
enforcement authority under any applicable statute, regulation or common law; 

F. "casing" means pipe or tubing of appropriate material, diameter and weight used to support the sides of a well hole and thus 
prevent the walls from caving, to prevent loss of drilling mud into porous ground, or to prevent fluid from entering or leaving the well other than 
to or from the injection zone; 

G. "cementing" means the operation whereby a cementing slurry is pumped into a drilled hole and/or forced behind the casing; 
H. "cesspool" means a "drywell" that receives untreated domestic liquid waste containing human excreta, and which 

sometimes has an open bottom and/or perforated sides; a large capacity cesspool means a cesspool that receives greater than 2,000 gallons per 
day of untreated domestic liquid waste; 

I. "collapse" means the structural failure of overlying materials caused by removal of underlying materials;^ 
J. "commission" means: 

(1) the New Mexico water quality control commission or 
(2) the department, when used in connection with any administrative and enforcement activity; 

K. "confining zone" means a geological formation, group of formations, or part of a formation that is capable of limiting fluid 
movement from an injection zone; 

L. "conventional mining" means the production of minerals from an open pit or underground excavation; underground 
excavations include mine shafts, workings and air vents, but does not include excavations primarily caused by in situ extraction activities; 

M. "daily composite sample" means a sample collected over any twenty-four hour period at intervals not to exceed one hour 
and obtained by combining equal volumes of the effluent collected, or means a sarriple collected in accordance with federal permit conditions 
whaj^a permit has been issued under the national pollutant discharge elimination system or for those facilities which include a waste 
stdBBation pond in the treatment process where the retention time is greater than twenty (20) days, means a sample obtained by compositing 
equal volumes of at least two grab samples collected within a period of not more than twenty-four (24) hours; 

N. "department", "agency", or "division" means the New Mexico environment department or a constituent agency designated 
by the commission; 
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O. "discharge permit" means a discharge plan approved by the department; 
P. "discharge permit modification" means a change to the requirements of a discharge permit that result from a change nUhe 

location ofthe discharge, a significant increase in the quantity ofthe discharge, a significant change in the quality ofthe discharge; or as r ^ ^ s d 
by the secretary; ^ ^ 

Q. "discharge permit renewal" means the re-issuance of a discharge permit for the same, previously permitted discharge; 
R. "discharge plan" means a description of any operational, monitoring , contingency, and closure requirements and 

conditions for any discharge of effluent or leachate which may move directly or indirectly into ground water; 
S. "discharge site" means the entire site where the discharge and associated activities will take place; 
T. "disposal" means to abandon, deposit, inter or otherwise discard a fluid as a final action after its use has been achieved; 
U. "domestic liquid waste" means human excreta and water-carried waste from typical residential plumbing fixtures and 

activities, including but not limited to waste from toilets, sinks, bath fixtures, clothes or dishwashing machines and floor drains; 
V. "domestic liquid waste treatment unit" means a watertight unit designed, constructed and installed to stabilize only 

domestic liquid waste and to retain solids contained in such domestic liquid waste, including but not limited to aerobic treatment units and septic 
tanks; 

W. "drywell" means a well, other than an improved sinkhole or subsurface fluid distribution system, completed above the water 
table so that its bottom and sides are typically dry except when receiving fluids; 

X. "experimental technology" means a technology which has not been proven feasible under the conditions in which it is being 
tested; 

Y. "fluid" means material or substance which flows or moves whether in a semisolid, liquid, sludge, gas, or any other form or 
state; 

Z. "ground water" means interstitial water which occurs in saturated earth material and which is capable of entering a well in 
sufficient amounts to be utilized as a water supply; 

AA. "hazard to public health" exists when water which is used or is reasonably expected to be used in the future as a human 
drinking water supply exceeds at the time and place of such use, one or more of the numerical standards of Subsection A of 20.6.2.3103 NMAC, 
or the naturally occurring concentrations, whichever is higher, or if any toxic pollutant affecting human health is present in the water; in 
determining whether a discharge would cause a hazard to public health to exist, the secretary shall investigate and consider the purification and 
dilution reasonably expected to occur from the time and place of discharge to the time and place of withdrawal for use as human drinking water; 

BB. "improved sinkhole" means a naturally occurring karst depression or other natural crevice found in volcanic terrain and 
other geologic settings which have been modified by man for the purpose of directing and emplacing fluids into the subsurface; 

CC. "injection" means the subsurface emplacement of fluids through a well; 
DD. "injection zone" means a geological formation, group of formations, or part of a formation receiving fluids through a ' 
EE. "motor vehicle waste disposal well" means a well which receives or has received fluids from vehicular repair or 

maintenance activities; 
FF. "non-aqueous phase liquid" means an interstitial body of liquid oil, petroleum product, petrochemical, or organic solvent, 

including an emulsion containing such material; 
GG. "operational area" means a geographic area defined in a project discharge permit where a group of wells or well fields in 

close proximity comprise a single class III well operation; 
HH. "owner of record" means an owner of property according to the property records of the tax assessor in the county in which 

the discharge site is located at the time the application was deemed administratively complete; 
II. "packer" means a device lowered into a well to produce a fluid-tight seal within the casing; 
JJ. "person" means an individual or any other entity including partnerships, corporation, associations, responsible business or 

association agents or officers, the state or a political subdivision of the state or any agency, department or instrumentality of the United States and 
any of its officers, agents or employees; 

KK. "petitioner" means a person seeking a variance from a regulation of the commission pursuant to Section 74-6-4(G) NMSA 
1978; 

LL. "plugging" means the act or process of stopping the flow of water, oil or gas into or out of a geological formation, group of 
formations or part of a formation through a borehole or well penetrating these geologic units; 

MM. "project discharge permit" means a discharge permit which describes the operation of similar class III wells or well fields 
within one or more individual operational areas; 

NN. "refuse" includes food, swill, carrion, slops and all substances from the preparation, cooking and consumption of food and 
from the handling, storage and sale of food products, the carcasses of animals, junked parts of automobiles and other machinery, paper, paper 
cartons, tree branches, yard trimmings, discarded furniture, cans, oil, ashes, bottles, and all unwholesome material; 

OO. "responsible person" means a person who is required to submit an abatement plan or who submits an abatement plan 
pursuant to this part; 

PP. "secretary" or "director" means the secretary of the New Mexico department of environment or the director of a constituent 
agency designated by the commission; 

QQ. "sewer system" means pipelines, conduits, pumping stations, force mains, or other structures, devices, appurtenances o i^^ 
facilities used for collecting or conducting wastes to an ultimate point for treatment or disposal; ^ ^ 

RR. "sewerage system" means a system for disposing of wastes, either by surface or underground methods, and includes se^CT 
systems, treatment works, disposal wells and other systems; 

SS. "significant modification of Stage 2 of the abatement plan" means a change in the abatement technology used excluding 
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design and operational parameters, or re-location of 25 percent or more of the compliance sampling stations, for any single medium, as 
desiji^ted pursuant to Paragraph (4) of Subsection E of 20.6.2.4106 NMAC; 

• B TT. "subsurface fluid distribution system" means an assemblage of perforated pipes, drain tiles, or other mechanisms intended 
to distribute fluids below the surface of the ground; 

UU. "subsurface water" means ground water and water in the vadose zone that may become ground water or surface water in 
the reasonably foreseeable future or may be utilized by vegetation; 

VV. "TDS" means total dissolved solids as determined by the "calculation method" (sum of constituents), by the "residue on 
evaporation method at 180 degrees" ofthe "U.S. geological survey techniques of water resource investigations," or by conductivity, as the 
secretary may determine; 

WW. "toxic pollutant" means a water contaminant or combination of water contaminants in concentration(s) which, upon 
exposure, ingestion, or assimilation either directly from the environment or indirectly by ingestion through food chains, will unreasonably 
threaten to injure human health, or the health of animals or plants which are commonly hatched, bred, cultivated or protected for use by man for 
food or economic benefit; as used in this definition injuries to health include death, histopathologic change, clinical symptoms of disease, 
behavioral abnormalities, genetic mutation, physiological malfunctions or physical deformations in such organisms or their offspring; in order to 
be considered a toxic pollutant a contaminant must be one or a combination ofthe potential toxic pollutants listed below and be at a 
concentration shown by scientific information currently available to the public to have potential for causing one or more ofthe effects listed 
above; any water contaminant or combination of the water contaminants in the list below creating a lifetime risk of more than one cancer per 
100,000 exposed persons is a toxic pollutant: 

(1) acrolein 
(2) acrylonitrile 
(3) aldrin 
(4) benzene 
(5) benzidine 
(6) carbon tetrachloride 
(7) chlordane 
(8) chlorinated benzenes 

(a) monochlorobenzene 
(b) hexachlorobenzene 
(c) pentachlorobenzene 

•
(9) 1,2,4,5-tetrachlorobenzene 
(10) chlorinated ethanes 

(a) 1,2-dichloroethane 
(b) hexachloroethane 
(c) 1,1,2,2-tetrachloroethane 
(d) 1,1,1 -trichloroethane 
(e) 1,1,2-trichloroethane 

(11) chlorinated phenols 
(a) 2,4-dichlorophenol 
(b) 2,4,5-trichlorophenol 
(c) 2,4,6-trichlorophenol 

(12) chloroalkyl ethers 
(a) bis (2-chloroethyl) ether ~~ 
(b) bis (2-chloroisopropyl) ether 
(c) bis (chloromethyl) ether 

(13) chloroform 
(14) DDT 
(15) dichlorobenzene 
(16) dichlorobenzidine 
(17) 1,1-dichloroethylene 
(18) dichloropropenes 
(19) dieldrin 
(20) diphenylhydrazine 
(21) endosulfan 
(22) endrin 

> (23) ethylbenzene 
(24) halomethanes 

(a) bromodichloromethane 
(b) bromomethane 
(c) chloromethane 
(d) dichlorodifluoromethane 
(e) dichloromethane 
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(f) tribromomethane 
(g) trichlorofluoromethane 

(25) heptachlor 
(26) hexachlorobutadiene 
(27) hexachlorocyclohexane (HCH) 

(a) alpha-HCH 
(b) beta-HCH 
(c) gamma-HCH 
(d) technical HCH 

(28) 
(29) 

(30) 
(31) 
(32) 
(33) 

(34) 

(35) 
(36) 
(37) 
(38) 

(39) 
(40) 

(41) 
(42) 
(43) 
(44) 
(45) 
(46) 

(47) 
(48) 
(49) 
(50) 
(51) 
(52) 
(53) 

hexachlorocyclopentadiene 
high explosives (HE) 

(a) 2,4-dinitrotoluene (2,4,DNT) 
(b) 2,6-dinitrotoluene (2,6,DNT) 
(c) octrahydro-l,3,5,7-tetranitro-1,3,5,7 tetrazocine (HMX) 
(d) hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 
(e) 2,4,6-trinitrotoluene (TNT) 
isophorone 
methyl tertiary butyl ether 
nitrobenzene 
nitrophenols 

(a) 2,4-dinitro-o-cresol 
(b) dinitrophenols 
nitrosamines 

(a) N-nitrosodiethylamine 
(b) N~nitrosodimethylamine 
(c) N-nitrosodibutylamine 
(d) N-nitrosodiphenylamine 
(e) N-nitrosopyrrolidine 
pentachlorophenol 
perchlorate 
phenol 
phthalate esters 

(a) dibutyl phthalate 
(b) di~2-ethylhexyl phthalate 
(c) diethyl phthalate 
(d) dimethyl phthalate 
polychlorinated biphenyls (PCB's) 
polynuclear aromatic hydrocarbons (PAH) 

(a) anthracene 
(b) 3,4-benzofluoranthene 
(c) benzo (k) fluoranthene 
(d) fluoranthene 
(e) fluorene 
(f) phenanthrene 
(g) pyrene 
tetrachloroethylene 
toluene 
toxaphene 
trichloroethylene 
vinyl chloride 
xylenes 

(a) o-xylene 
(b) m~xylene 
(c) p-xylene 
1,1 -dichloroethane 
ethylene dibromide (EDB) 
cis-1,2-dichloroethylene 
trans-1,2-dichloroethylene 
naphthalene 
1 -methylnaphthalene 
2-methylnaphthalene 
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Wastewater published by the American Public Health Association or the most current edition of Methods for Chemical Analysis of Water and 
Waito published by the Environmental Protection Agency, where applicable. 

• B E. The following is a description of the Rio Grande Basin from the headwaters of Elephant Butte Reservoir to Angostura 
Diversion Dam as used in this Section. Begin at San Marcial USGS gauging station, which is the headwaters of Elephant Butte Reservoir 
Irrigation Project, thence northwest to U.S. Highway 60, nine miles + west of Magdalena; thence west along the northeast edge of the San 
Agustin Plains closed basin; thence north along the east side of the north plains closed basin to the Continental Divide; thence northly along the 
Continental Divide to the community of Regina on State Highway 96; thence southeasterly along the crest ofthe Sail Pedro Mountains to Cerro 
Toledo Peak; thence southwesterly along the Sierra de Los Valles ridge and the Borrego Mesa to Bodega Butte; thence southerly to Angostura 
Diversion Dam which is the upper reach of the Rio Grande in this basin; thence southeast to the crest and the crest of the Manzano Mountains 
and the Los Pinos Mountains; thence southerly along the divide that contributes to the Rio Grande to San Marcial gauging station to the point and 
place of beginning; excluding all waters upstream of Jemez Pueblo which flow into the Jemez River drainage and the Bluewater Lake. Counties 
included in the basin are: 

(1) north portion of Socorro County; 
(2) northeast corner of Catron County; 
(3) east portion of Valencia County; 
(4) west portion of Bernalillo County; 
(5) east portion of McKinley County; and 
(6) most of Sandoval County. 

[3-14-71, 9-3-72, 8-13-76, 2-20-81, 12-1-95; 20.6.2.2102 NMAC - Rn, 20 NMAC 6.2.IL2102, 1-15-01] 

20.6:2.2103 - 20.6.2.2199: [RESERVED] 
[12-1-95; 20.6.2.2103 - 20.6.2.2199 NMAC - Rn, 20 NMAC 6.2.n.2103-2199, 1-15-01] 

20.6.2.2200 WATERCOURSE PROTECTION: 
[ 12-1-95; 20.6.2.2200 NMAC-Rn, 20 NMAC 6.2.n.2200, 1-15-01] 

20.6.2.2201. DISPOSAL OF REFUSE: No person shall dispose of any refuse in a natural watercourse or in a location and manner where 
there is a reasonable probability that the refuse will be moved into a natural watercourse by leaching or otherwise. Solids diverted from the 
stream and returned thereto are not subject to abatement under this Section. 
[4-Jfc8, 9-3-72; 20.6.2.2201 NMAC - Rn, 20 NMAC 6.2.II.2201, 1-15-01] 

20.6.2.2202 - 20.6.2.2999: [RESERVED] 
[12-1-95; 20.6.2.2202 - 20.6.2.2999 NMAC - Rn, 20 NMAC 6.2.II.2202-3100, 1-15-01] 

20.6;2.3000 PERMITTING AND GROUND WATER STANDARDS: 
[12-1-95; 20.6.2.3000 NMAC - Rn, 20 NMAC 6.2.in, 1-15-01] 

20.6:2.3001 - 20.6.2.3100: [RESERVED] 
[12-1-95; 20.6.2.3001 - 20.6.2.3100 NMAC - Rn, 20 NMAC 6.2.IL2202-3100, 1-15-01] 

20.6:2.3101 PURPOSE: 
A. The purpose of Sections 20.6.2.3000 through 20.6.2.3114 NMAC controlling discharges onto or below the surface of the 

ground is to protect all ground water ofthe state of New Mexico which has an existing concentration of 10,000 mg/l or less TDS, for present and 
potential future use as domestic and agricultural water supply, and to protect those segments of surface waters which are gaining because of 
ground water inflow, for uses designated in the New Mexico Water Quality Standards. Sections 20.6.2.3000 through 20.6.2.3114 NMAC are 
written so that in general: 

(1) if the existing concentration of any water contaminant in ground water is in conformance with the standard of 20.6.2.3103 
NMAC, degradation of the ground water up to the limit of the standard will be allowed; and 

(2) if the existing concentration of any water contaminant in ground water exceeds the standard of Section 20.6.2.3103 NMAC, no 
degradation of the ground water beyond the existing concentration will be allowed. 

B. Ground water standards are numbers that represent the pH range and maximum concentrations of water contaminants in the 
ground water which still allow for the present and future use of ground water resources. 

C. The standards are not intended as maximum ranges and concentrations for use, and nothing herein contained shall be 
construed as limiting the use of waters containing higher ranges and concentrations. 
[2-18-77; 20.6.2.3101 NMAC - Rn, 20 NMAC 6.2.in.3101, 1-15-01] 

20j6^3102: [RESERVED] 
[ 1 ^ 0 5 ; 20.6.2.3102 NMAC - Rn, 20 NMAC 6.2.III.3102, 1-15-01] 

20.6.2.3103 STANDARDS FOR GROUND WATER OF 10,000 mg/l TDS CONCENTRATION OR LESS: The following standards 
are the allowable pH range and the maximum allowable concentration in ground water for the contaminants specified unless the existing 
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ed^he 

is^m 

condition exceeds the standard or unless otherwise provided in Subsection D of Section 20.6.2.3109 NMAC. Regardless of whether there is one 
contaminant or more than one contaminant present in ground water, when an existing pH or concentration of any water contaminant exceedsJhe 
standard specified in Subsection A, B, or C of this section, the existing pH or concentration shall be the allowable limit, provided that the 
discharge at such concentrations will not result in concentrations at any place of withdrawal for present or reasonably foreseeable future us3 
excess ofthe standards of this section. These standards shall apply to the dissolved portion ofthe contaminants specified with a definition of 
dissolved being that given in the publication "methods for chemical analysis of water and waste ofthe U.S. environmental protection agency," 
with the exception that standards for mercury, organic compounds and non-aqueous phase liquids shall apply to the total unfiltered 
concentrations of the contaminants. 

. A. Human Health Standards-Ground water shall meet the standards of Subsection A and B of this section unless otherwise 
provided. If more than one water contaminant affecting human health is present, the toxic pollutant criteria as set forth in the definition of toxic 
pollutant in Section 20.6.2.1101 NMAC for the combination of contaminants, or the Human Health Standard of Subsection A of Section 
20.6.2.3103 NMAC for each contaminant shall apply, whichever is more stringent. Non-aqueous phase liquid shall not be present floating atop 
of or immersed within ground water, as can be reasonably measured. 

(1) Arsenic (As) 0.1 mg/l 
(2) Barium (Ba) LOmg/l 
(3) Cadmium (Cd) 0.01 mg/l 
(4) Chromium (Cr) 0.05 mg/l 
(5) Cyanide (CN) 0.2 mg/l 
(6) Fluoride (F). • 1.6 mg/l 
(7) Lead(Pb) 0.05 mg/l 
(8) Total Mercury (Hg) 0.002 mg/l 
(9) Nitrate (NO3 as N) 10.0 mg/l 

(10) Selenium (Se) 0.05 mg/l 
(11) Silver (Ag) '. 0.05 mg/l 
(12) Uranium (U) 0.03 mg/l 
(13) Radioactivity: Combined Radium-226 & Radium-228 30 pCi/1 
(14) Benzene 0.01 mg/l 
(15) Polychlorinated biphenyls (PCB's) ...0.001 mg/l 
(16) Toluene 0.75 mg/l 
(17) Carbon Tetrachloride 0.01 mg/l 
(18) 1,2-dichloroethane (EDC) 0.01 mg/l 
(19) 1,1-dichloroethylene (1,1-DCE) 0.005 mg/l 
(20) l,l,2,2-tetrachloroethylene(PCE) 0.02 mg/l 
(21) l,l,2-trichloroethylene(TCE) 0.1 mg/l 
(22) ethylbenzene 0.75 mg/l \ 
(23) total xylenes ; 0.62 mg/l 
(24) methylene chloride 0.1 mg/l 
(25) chloroform 0.1 mg/l 
(26) 1,1 -dichloroethane 0.025 mg/l 
(27) ethylene dibromide (EDB) 0.0001 mg/l 
(28) 1,1,1-trichloroethane 0.06 mg/l 
(29) 1,1,2-trichloroethane 0.01 mg/l 
(30) 1,1,2,2-tetrachloroethane 0.01 mg/l 
(31) vinyl chloride 0.001 mg/l 
(32) PAHs: total naphthalene plus monomethylnaphthalenes 0.03 mg/l 
(33) benzo-a-pyrene 0.0007 mg/l 

B. i Other Standards for Domestic Water Supply 
(1) Chloride (Cl) 250.0 mg/l 
(2) Copper (Cu) 1.0 mg/l 
(3) Iron(Fe) 1.0 mg/l 
(4) Manganese (Mn) 0.2 mg/l 
(6) Phenols 0.005 mg/l 
(7) Sulfate (SO4) 600.0 mg/l 
(8) Total Dissolved Solids (TDS) : lOOO.Omg/1 
(9) Zinc(Zn) 10.0 mg/l 
(10) pH between 6 and 9 

C. Standards for Irrigation Use - Ground water shall meet the standards of Subsection A, B, and C of this section i i | ^ | s 
otherwise provided. ^ ^ 

(1) Aluminum (Al) 5.0 mg/l 
(2) Boron (B) 0.75 mg/l 
(3) Cobalt (Co) 0.05 mg/l 
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(4) Molybdenum (Mo) 1.0 mg/l 

•

(5) Nickel (Ni) 0.2 mg/l 
7, 1-29-82, 11-17-83,3-3-86, 12-1-95; 20.6.2.3103 NMAC - Rn, 20 NMAC 6.2.1113103, 1-15-01; A, 9-26-04] 

[Note: For purposes of application of the amended numeric uranium standard to past and current water discharges (as of 9-26-04), the new 
standard will not become effective until June 1, 2007. For any new water discharges, the uranium standard is effective 9-26-04.] 

20.6.2.3104 DISCHARGE PERMIT REQUIRED: Unless otherwise provided by this Part, no person shall cause or allow effluent or 
leachate to discharge so that it may move directly of indirectly into ground water unless he is discharging pursuant to a discharge permit issued 
by the secretary. When a permit has been issued, discharges must be consistent with the terms and conditions of the permit. In the event of a 
transfer of the ownership, control, or possession of a facility for which a discharge permit is in effect, the transferee shall have authority to 
discharge under such permit, provided that the transferee has complied with Section 20.6.2.3111 NMAC, regarding transfers. 
[2-18-77, 12-24-87, 12-1-95; Rn& A, 20.6.2.3104 NMAC-20 NMAC 6.2.1113104, 1-15-01; A, 12-1-01] 

20.6.2.3105 EXEMPTIONS FROM DISCHARGE PERMIT REQUIREMENT: Sections 20.6.2.3104 and 20.6.2.3106 NMAC do not 
apply to the following: 

A. Effluent or leachate which conforms to all the listed numerical standards of Section 20.6.2.3103 NMAC and has a total 
nitrogen concentration of 10 mg/l or less, and does not contain any toxic pollutant. To determine conformance, samples may be taken by the 
agency before the effluent or leachate is discharged so that it may move directly or indirectly into ground water; provided that if the discharge is 
by seepage through non-natural or altered natural materials, the agency may take samples of the solution before or after seepage. If for any 
reason the agency does not have access to obtain the appropriate samples, this exemption shall not apply; 

B. Effluent which is discharged from a sewerage system used only for disposal of household and other domestic waste which is 
designed to receive and which receives 2,000 gallons or less of liquid waste per day; 

C. Water used for irrigated agriculture, for watering of lawns, trees, gardens or shrubs, or for irrigation for a period not to 
exceed five years for the revegetation of any disturbed land area, unless that water is received directly from any sewerage system; 

D. Discharges resulting from the transport or storage of water diverted, provided that the water diverted has not had added to it 
after the point of diversion any effluent received from a sewerage system, that the source of the water diverted was not mine workings, and that 
the secretary has not determined that a hazard to public health may result; 

E. Effluent which is discharged to a watercourse which is naturally perennial; discharges to dry arroyos and ephemeral streams 
are riot exempt from the discharge permit requirement, except as otherwise provided in this section; 

• B F. Those constituents which are subject to effective and enforceable effluent limitations in a National Pollutant Discharge 
Elimmation System (NPDES) permit, where discharge onto or below the surface of the ground so that water contaminants may move directly or 
indirectly into ground water occurs downstream from the outfall where NPDES effluent limitations are imposed, unless the secretary determines 
that a hazard to public health may result. For purposes of this subsection, monitoring requirements alone do not constitute effluent limitations; 

G. Discharges resulting from flood control systems; 
H. Leachate which results from the direct natural infiltration of precipitation through disturbed materials, unless the secretary 

determines that a hazard to public health may result; 
I. Leachate which results entirely from the direct natural infiltration of precipitation through undisturbed materials; 
J. Leachate from materials disposed of in accordance with the Solid Waste Management Regulations (20 NMAC 9.1) adopted 

by the New Mexico Environmental Improvement Board; 
K. Natural ground water seeping or flowing into conventional mine workings which re-enters the ground by natural gravity flow 

prior to pumping or transporting out of the mine and without being used in any mining process; this exemption does not apply to solution mining; 
L. Effluent or leachate discharges resulting from activities regulated by a mining plan approved and permit issued by the New 

Mexico Coal Surface Mining Commission, provided that this exemption shall not be construed as limiting the application of appropriate ground 
water protection requirements by the New Mexico Coal Surface Mining Commission; 

M. Effluent or leachate discharges which are regulated by the Oil Conservation Commission and the regulation of which by the 
Water Quality Control Commission would interfere with the exclusive authority granted under Section 70-2-12 NMSA 1978, or under other 
laws, to the Oil Conservation Commission. 
[2-18-77,6-26-80,7-2-81, 12-24-87, 12-1-95; 20.6.2.3105 NMAC - Rn, 20 NMAC 6.2.III.3105, 1-15-01;A, 12-1-01] 

20.62.3106 APPLICATION FOR DISCHARGE PERMITS AND RENEWALS: 
A. Any person who, before or on June 18, 1977, is discharging any ofthe water contaminants listed in Section 20.6.2.3103 

NMAC or any toxic pollutant so that they may move directly or indirectly into ground water shall, within 120 days of receipt of written notice 
from the secretary that a discharge permit is required, or such longer time as the secretary shall for good cause allow, submit a discharge plan to 
the secretary for approval; such person may discharge without a discharge permit until 240 days after written notification by the secretary that a 
discharge permit is required or such longer time as the secretary shall for good cause allow. 

B. Any person who intends to begin, after June 18,1977, discharging any of the water contaminants listed in Section 
2 0 J | ^ 103 NMAC or any toxic pollutant so that they may move directly or indirectly into ground water shall notify the secretary giving the 
inllHition enumerated in Subsection B of Section 20.6.2.1201 NMAC; the secretary shall, within 60 days, notify such person if a discharge 
permit is required; upon submission, the secretary shall review the discharge plan pursuant to Sections 20.6.2.3108 and 20.6.2.3109 NMAC. For 
good cause shown the secretary may allow such person to discharge without a discharge permit for a period not to exceed 120 days. 

C. A proposed discharge plan shall set forth in detail the methods or techniques the discharger proposes to use or processes 
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expected to naturally occur which will ensure compliance with this Part. At least the following information shall be included in the plan: 
(1) Quantity, quality and flow characteristics of the discharge; 
(2) Location of the discharge and of any bodies of water, watercourses and ground water discharge sites within one mile of 1 

outside perimeter ofthe discharge site, and existing or proposed wells to be used for monitoring; 
(3) Depth to and TDS concentration of the ground water most likely to be affected by the discharge; 

. (4) Flooding potential of the site; 
(5) • Location and design of site(s) and method(s) to be available for sampling, and for measurement or calculation of flow; 
(6) Depth to and lithological description of rock at base of alluvium below the discharge site if such information is available; 
(7) Any additional information that may be necessary to demonstrate that the discharge permit will not result in concentrations in 

excess of the standards of Section 20.6.2.3103 NMAC or the presence of any toxic pollutant at any place of withdrawal of water for present or 
reasonably foreseeable future use. Detailed information on site geologic and hydrologic conditions may be required for a technical evaluation of 
the applicant's proposed discharge plan; and 

(8) Additional detailed information required for a technical evaluation of underground injection control wells as provided in 
Sections 20.6.2.5000 through 20.6.2. 5299 NMAC, 

D. An applicant for a discharge permit shall pay fees as specified in Section 20.6.2.3114 NMAC. 
E. An applicant for a permit to dispose of or use septage or sludge, or within a source category designated by the commission, 

may be required by the secretary to file a disclosure statement as specified in 74-6-5.1 of the Water Quality Act. 
F. If the holder of a discharge permit submits an application for discharge permit renewal at least 120 days before the discharge 

permit expires, and the discharger is not in violation of the discharge permit on the date of its expiration, then the existing discharge permit for 
the same activity shall not expire until the application for renewal has been approved or disapproved. A discharge permit continued under this 
provision remains fully effective and enforceable. An application for discharge permit renewal must include and adequately address all ofthe 
information necessary for evaluation of a new discharge permit. Previously submitted materials may be included by reference provided they are 
current, readily available to the secretary and sufficiently identified to be retrieved. 
[2-18-77, 6-26-80, 7-2-81, 9-20-82, 8-17-91, 12-1 -95; 20.6.2.3106 NMAC - Rn, 20 NMAC 6.2.III.3106, 1 -15-01; A, 12-1 -01; A, 9-15-02] 

20.6.2.3107 MONITORING, REPORTING, AND OTHER REQUIREMENTS: 
A. Each discharge plan shall provide for the following as the secretary may require: 

(1) The installation, use, and maintenance of effluent monitoring devices; 
(2) The installation, use, and maintenance of monitoring devices for the ground water most likely to be affected by the discharge; 
(3) Monitoring in the vadose zone; 
(4) Continuation of monitoring after cessation of operations; 
(5) Periodic submission to the secretary of results obtained pursuant to any monitoring requirements in the discharge permit and 

the methods used to obtain these results; 
(6) Periodic reporting to the secretary of any other information that may be required as set forth in the discharge permit; 
(7) The discharger to retain for a period of at least five years any monitoring data required in the discharge permit; 
(8) A system of monitoring and reporting to verify that the permit is achieving the expected results; 
(9) Procedures for detecting failure of the discharge system; 
(10) Contingency plans to cope with failure of the discharge permit or system; 
(11) A closure plan to prevent the exceedance of standards of Section 20.6.2.3103 NMAC or the presence of a toxic pollutant in 

ground water after the cessation of operation which includes: a description of closure measures, maintenance and monitoring plans, post-closure 
maintenance and monitoring plans, financial assurance, and other measures necessary to prevent and/or abate such contamination. The obligation 
to implement the closure plan as well as the requirements of the closure plan, if any is required, survives the termination or expiration of the 
permit. A closure plan for any underground injection control well must also incorporate the applicable requirements of Sections 20.6.2.5005 and 
20.6.2.5209 NMAC. 

B. Sampling and analytical techniques shall conform with the following references unless otherwise specified by the secretary: 
(1) Standard Methods for the Examination of Water and Wastewater, latest edition, American Public Health Association; or 
(2) Methods for Chemical Analysis of Water and Waste, and other publications of the Analytical Quality Laboratory, EPA; or 
(3) Techniques of Water Resource Investigations of the U.S. Geological Survey; or 
(4) Annual Book of ASTM Standards. Part 31. Water, latest edition, American Society For Testing and Materials; or 
(5) Federal Register, latest methods published for monitoring pursuant to Resource Conservation and Recovery Act regulations; or 
(6) National Handbook of Recommended Methods for Water-Data Acquisition, latest edition, prepared cooperatively by agencies 

of the United States Government under the sponsorship of the U.S. Geological Survey. 
C. The discharger shall notify the secretary of any facility expansion, production increase or process modification that would 

result in any significant modification in the discharge of water contaminants. 
D. Any discharger of effluent or leachate shall allow any authorized representative of the secretary to: 

(1) inspect and copy records required by a discharge permit; 
(2) inspect any treatment works, monitoring and analytical equipment; 
(3) sample any effluent before or after discharge; ^ B 
(4) use monitoring systems and wells installed pursuant to a discharge permit requirement in order to collect samples from gramd 

water or the vadose zone. 
E. Each discharge permit for an underground injection control well shall incorporate the applicable requirements of Sections 
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http://www.epa.gov/safewater/contaminants/lndex.html 
Last updated on Thursday, June 5th, 2008. 

Drinking Water Contaminants 

'ou are here: EPAJHome Water Safewater Drinking Water Contaminants 

On t h i s page 

• National Primary Drinking Water Regulations 
• List of Drinking Water Contaminants & their MCLs 

• National Secondary Drinking Water Regulations 
• List of Secondary Drinking Water Regulations 

• Unregulated Contaminants 

Nat iona l P r imary D r i nk ing Wa te r Regu la t ions 

National Primary Drinking Water Regulations (NPDWRs or 
primary standards) are legally enforceable standards that apply 
to public water systems. Primary standards protect public health 
by limiting the levels of contaminants in drinking water. Visit the 
list of regulated contaminants with links for more details. 

List of Contaminants & their Maximum Contaminant Level (MCLs) 
Setting Standards for Safe Drinking Water to learn about EPA's standard-setting process 
EPA's Regulated Contaminant Timeline (PDF) ( i pp, 86 K ) (About PDF) 
National Primary Drinking Water Regulations- The complete regulations regarding these contaminants 
availible from the Code of Federal Regulations Website 

List of Con tam inan ts & t h e i r MCLs 

• Microorganisms 
• Disinfectants 
• Disinfection Byproducts 
• Inorganic Chemicals 
• Organic Chemicals 
• Radionuclides 

Information on this section 

• Alphabetical List (PDF) 
(6 pp, 396 K) (About PDF) 
EPA 816-F-03-016, June 
2003 

• The links provided below 
are to either Consumer 
Fact Sheet, Rule 
Implementation web sites, 
or PDF files. 
(About PDF) 

Microorganisms 

Con tam inan t 

Cryptosporidium 
A l f file) 

MCLGi 
( m g / L ) ^ 

zero 

MCL or 
T J i 

( m g / L ) ^ 

Po ten t ia l Heal th Effects f r o m 
I n g e s t i o n of Wa te r 

Gastrointestinal illness (e.g., 
diarrhea, vomiting, cramps) 

Sources of 
Con taminan t in 
Dr ink ing Wa te r 

Human and animal fecal 
waste 

Giardia lamblia zero 

httD://www.eDa.sov/safewater/contaminants/index.html 6/10/2008 
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Gastrointestinal illness (e.g., 
diarrhea, vomiting, cramps) 

Human and animal fecal 
waste 

Heterotrophic plate n/a JT-
count HPC has no health effects; it is an 

analytic method used to measure 
the variety of bacteria that are 
common in water. The lower the 
concentration of bacteria in drinking 
water, the better maintained the 
water system is. 

HPC measures a range of 
bacteria that are 
naturally present in the 
environment 

Legionella zero 
Legionnaire's Disease, a type of 
pneumonia 

Found naturally in water; 
multiplies in heating 
systems 

Total Conforms 
(including fecal 
conform and E. Coli) 

zero 5.0%^ 
Not a health threat in itself; it is 
used to indicate whether other 
potentially harmful bacteria may be 
present^ 

Conforms are naturally 
present in the 
environment; as well as 
feces; fecal coliforms and 
E. coli only come from 
human and animal fecal 
waste. 

Turbidity n/a TJi 
Turbidity is a measure of the 
cloudiness of water. I t is used to 
indicate water quality and filtration 
effectiveness (e.g., whether 
disease-causing organisms are 
present). Higher turbidity levels are 
often associated with higher levels 
of disease-causing microorganisms 
such as viruses, parasites and some 
bacteria. These organisms can cause 
symptoms such as nausea, cramps, 
diarrhea, and associated headaches. 

Soil runoff 

Viruses (enteric) zero TJi 
Gastrointestinal illness (e.g., 
diarrhea, vomiting, cramps) 

Human and animal fecal 
waste 

Disinfection Byproducts 

Con tam inan t 

Bromate 

MCLGi 
( m g / L ) ^ 

zero 

MCL or 
TTA 

( m g / L ) ^ 

0.010 

Potent ia l Heal th Effects f r o m 
I n g e s t i o n of Wa te r 

Increased risk of cancer 

Sources of 
Con taminan t in 
Dr ink ing W a t e r 

Byproduct of drinking 
water disinfection 
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Chlorite 0.8 1.0 
Anemia; infants & young children: 
nervous system effects 

Byproduct of drinking 
water disinfection 

Haloacetic acids 
(HAA5) 

n/a^ 0.060^ 
Increased risk of cancer Byproduct of drinking 

water disinfection 

Total 
Trihalomethanes 
(TTHMsl 

n/a^ 0.080^ 
Liver, kidney or central nervous Byproduct of drinking 
system problems; increased risk of water disinfection 
cancer 

Disinfectants 

Con tam inan t ^ " * ' ^ ^ * ! t 
I (mg/L)^ 

Chloramines (as MRDLG=4-
Ci^} 

MRDL^ 
( m g / L ) ^ 

MRDL=4.0l 

Po ten t ia l Heal th Effects 
f r o m I n g e s t i o n o f Wa te r 

Eye/nose irr i tation; stomach 
discomfort, anemia 

Sources of Con tam inan t 
in Dr ink ing Wa te r 

Water additive used to 
control microbes 

Chlorine (as CU) MRDLG=4l MRDL=4.0l 
Eye/nose irritation; stomach 
discomfort 

Water additive used to 
control microbes 

m lorine dioxide M R D L G = 0 .8J ' M R D L = 0 . 8 J ' 
OOO Anemia; infants & young 

children: nervous system 
effects 

Water additive used to 
control microbes 

Inorganic Chemicals 

Con tam inan t 

Antimony 

MCLGi 
( m g / L ) 

2 

0.006 

MCL or T T i 
( m g / L ) ^ 

0.006 

Poten t ia l Heal th Effects 
f r o m I n g e s t i o n o f Wa te r 

Increase in blood cholesterol; 
decrease in blood sugar 

Sources of Con tam inan t in 
D r ink ing Wa te r 

Discharge from petroleum 
refineries; fire retardants; 
ceramics; electronics; solder 

Arsenic 0.010 
as of 

01/23/06 
Skin damage or problems with 
circulatory systems, and may 
have increased risk of getting 
cancer 

Erosion of natural deposits; 
runoff from orchards, runoff 
from glass & 
electronicsproduction wastes 

Asbestos 
(fiber >10 
micrometers) 

fRi 

7 
million 
fibers 

per liter 

7 MFL 
Increased risk of developing 
benign intestinal polyps 

Decay of asbestos cement in 
water mains; erosion of 
natural deposits 

num 
Increase in blood pressure Discharge of drilling wastes; 

discharge from metal 
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refineries; erosion of natural 
deposits 

Beryllium 0.004 0.004 
Intestinal lesions Discharge from metal 

refineries and coal-burning 
factories; discharge from 
electrical, aerospace, and 
defense industries 

Cadmium 0.005 0.005 
Kidney damage Corrosion of galvanized pipes; 

erosion of natural deposits; 
discharge from metal 
refineries; runoff from waste 
batteries and paints 

Chromium (total) 0.1 0.1 
Allergic dermatitis Discharge from steel and pulp 

mills; erosion of natural 
deposits 

Copper 1.3 
Action Short term exposure: 

Level=1.3 Gastrointestinal distress 

Long term exposure: Liver or 
kidney damage 

Corrosion of household 
plumbing systems; erosion of 
natural deposits 

People with Wilson's Disease 
should consult their personal 
doctor if the amount of copper 
in their water exceeds the 
action level 

Cyanide (as free 
cyanide) 

0.2 0.2 
Nerve damage or thyroid 
problems 

Discharge from steel/metal 
factories; discharge from 
plastic and fertilizer factories 

Fluoride 4.0 4.0 
Bone disease (pain and 
tenderness o f the bones); 
Children may get mottled teeth 

Water additive which promotes 
strong teeth; erosion of 
natural deposits; discharge 
from fertilizer and aluminum 
factories 

Lead zero 
Action 

Level=0.015 
Infants and children: Delays in 
physical or mental 
development; children could 
show slight deficits in attention 
span and learning abilities 

Adults: Kidney problems; high 

Corrosion of household 
plumbing systems; erosion of 
natural deposits 
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Methoxychlor 0.04 0.04 
Reproductive difficulties Runoff/leaching from 

insecticide used on 
fruits, vegetables, 
alfalfa, livestock 

Oxamyl (Vydate) 

Polychlorinated 
biphenyls (PCBs) 

Styrene 

0.2 0.2 
Slight nervous system effects Runoff/leaching from 

insecticide used on 
apples, potatoes, and 
tomatoes 

zero 0.0005 
Skin changes; thymus gland 
problems; immune 
deficiencies; reproductive or 
nervous system difficulties; 
increased risk of cancer 

Runoff from landfills; 
discharge of waste 
chemicals 

Pentachlorophe 

Picloram 

^ a m a z i n e 

mol zero 

0.5 

0.004 

0.001 

0.5 

0.004 

Liver or kidney problems; 
increased cancer risk 

Liver problems 

Problems with blood 

Discharge from wood 
preserving factories 

Herbicide runoff 

Herbicide runoff 

0.1 0.1 
Liver, kidney, or circulatory 
system problems 

Discharge from rubber 
and plastic factories; 
leaching from landfills 

Tetrachloroethylene zero 0.005 
Liver problems; increased risk 
of cancer 

Discharge from 
factories and dry 
cleaners 

Toluene 
Nervous system, kidney, or 
liver problems 

Discharge from 
petroleum factories 

Toxaphene zero 0.003 
Kidney, liver, or thyroid 
problems; increased risk of 
cancer 

Runoff/leaching from 
insecticide used on 
cotton and cattle 

2,4,5-TP (Silvex) 0.05 0.05 
Liver problems Residue of banned 

herbicide 

l ir 
2,4-Trichlorobenzene 0.07 0.07 

Changes in adrenal glands Discharge from textile 
finishing factories 

1,1,1-Trichloroethane 0.20 0.2 
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l / l ,2-Trichioroethane 

Liver, nervous system, or 
circulatory problems 

Discharge from metal^ 
degreasing sites and 
other factories 

0.003 0.005 
Liver, kidney, or immune 
system problems 

Discharge from 
industrial chemical 
factories 

Trichloroethylene zero 0.005 
Liver problems; increased risk 
of cancer 

Discharge from metal 
degreasing sites and 
other factories 

Vinyl chloride zero 0.002 
Increased risk of cancer Leaching from PVC 

pipes; discharge from 
plastic factories 

Xylenes (total) 10 10 
Nervous system damage Discharge from 

petroleum factories; 
discharge from 
chemical factories 

Radionuclides 

Con tam inan t 

Alpha particles 

MCLGi 
( m g / L ) 

2 

none-

zero 

Poten t ia l Heal th Effects f r o m 
I n g e s t i o n of Wate r 

MCL or 
T T i 

( m g / L ) ^ , 

15 
picocuries increased risk of cancer 
per Liter 
(pCi/L) 

Sources of 
Con taminan t in 
Dr ink ing Wa te r 

Erosion of natural 
deposits of certain 
minerals that are 
radioactive and may emit 
a form of radiation 
known as alpha radiation 

Beta particles and 
photon emitters 

none-

zero 
millirems increased risk of cancer 
per year 

Decay of natural and 
man-made deposits of 

certain minerals that are 
radioactive and may emit 
forms of radiation known 
as photons and beta 
radiation 

Radium 226 and 
Radium 228 
(combined) 

none^ 5 pQ/L 
Increased risk of cancer 

zero 
Erosion of natural 
deposits 

Uranium zero Increased risk of cancer, kidney 
toxicity 

Erosion of natural 
deposits 
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# 

Dichlorobenzene 0.075 0.075 
Anemia; liver, kidney or spleen 
damage; changes in blood 

Discharge from 
industrial chemical 
factories 

1,2-Dichloroethane zero 0.005 
Increased risk of cancer Discharge from 

industrial chemical 
factories 

1,1-Dichloroethylene 0.007 0.007 
Liver problems Discharge from 

industrial chemical 
factories 

cis-1,2-Dichloroethylene 0.07 0.07 
Liver problems Discharge from 

industrial chemical 
factories 

trans-1,2-Dichloroethylene 0.1 0.1 
Liver problems Discharge from 

industrial chemical 
factories 

Dichloromethane zero ' 0.005 
Liver problems; increased risk 
of cancer 

Discharge from drug 
and chemical factories 

1,2-Dichloropropane zero 0.005 
Increased risk of cancer Discharge from 

industrial chemical 
factories 

Di(2-ethylhexyl) adipate 0.4 0.4 
Weight loss, liver problems, or 
possible reproductive 
difficulties. 

Discharge from 
chemical factories 

bi(2-ethylhexyl) phthalate zero 0.006 
Reproductive difficulties; liver 
problems; increased risk of 
cancer 

Discharge from rubber 
and chemical factories 

Dinoseb 0.007 0.007 
Reproductive difficulties Runoff from herbicide 

used on soybeans and 
vegetables 

Dioxin (2.3,7.8-TCDD) zero 0.00000003 
Reproductive difficulties; 
increased risk of cancer 

Emissions from waste 
incineration and other 
combustion; discharge 
from chemical 
factories 

Diquat 0.02 0.02 
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Epichlorohydrin 

Cataracts Runoff from herbicidei 
use 

Endothall 

Endrin 

0.1 

0.002 

0.1 

0.002 

Stomach and intestinal 
problems 

Liver problems 

Runoff from herbicide 
use 

Residue of banned 
insecticide 

zero TT^ 
Increased cancer risk, and over Discharge from 
a long period of t ime, stomach industrial chemical 
problems factories; an impurity 

of some water 
treatment chemicals 

Ethylbenzene 0.7 0.7 
Liver or kidneys problems Discharge from 

petroleum refineries 

Ethylene dibromide 

Glyphosate 

zero 0.00005 
Problems with liver, stomach, 
reproductive system, or 
kidneys; increased risk of 
cancer 

Discharge from 
petroleum refineries 

0.7 0.7 
Kidney problems; reproductive Runoff from herbicide 
difficulties use 

Heptachlor zero 0.0004 
Liver damage; increased risk of Residue of banned 
cancer termiticide 

Heptachlor epoxide zero 0.0002 
Liver damage; increased risk of Breakdown of 
cancer heptachlor 

Hexachlorobenzene zero 0.001 
Liver or kidney problems; 
reproductive difficulties; 
increased risk of cancer 

Discharge from metal 
refineries and 
agricultural chemical 
factories 

Hexachlorocyclopentadiene 0.05 0.05 
Kidney or stomach problems Discharge from 

chemical factories 

Lindane 0.0002 0.0002 
Liver or kidney problems Runoff/leaching from 

insecticide used on 
cattle, lumber, 
gardens 
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blood pressure 

rcury 
(inorganic) 

0.002 0.002 
Kidney damage Erosion of natural deposits; 

discharge from refineries and 
factories; runoff from landfills 
and croplands 

Nitrate 
(measured as 
Nitrogen) 

10 10 
Infants below the age of six 
months who drink water 
containing nitrate in excess of 
the MCL could become seriously 
ill and, if untreated, may die. 
Symptoms include shortness of 
breath and blue-baby 
syndrome. 

Runoff from fertilizer use; 
leaching from septic tanks, 
sewage; erosion of natural 
deposits 

Nitrite (measured 
as Nitrogen) Infants below the age of six 

months who drink water 
containing nitrite in excess of 
the MCL could become seriously 
ill and, if untreated, may die. 
Symptoms include shortness of 
breath and blue-baby 
syndrome. 

Runoff from fertilizer use; 
leaching from septic tanks, 
sewage; erosion of natural 
deposits 

Selenium 0.05 0.05 
Hair or fingernail loss; 
numbness in fingers or toes; 
circulatory problems 

Discharge from petroleum 
refineries; erosion of natural 
deposits; discharge from 
mines 

Thallium 0.0005 0.002 
Hair loss; changes in blood; 
kidney, intestine, or liver 
problems 

Leaching from ore-processing 
sites; discharge from 
electronics, glass, and drug 
factories 

Organic Chemicals 

Con tam inan t 

Acrylamide 

MCLGi 
( m g / L ) 

2 

zero 

MCL or 
T T i 

( m g / L ) ^ 

Potent ia l Heal th Effects 
f r o m I n g e s t i o n o f Wa te r 

Nervous system or blood 
problems; increased risk of 
cancer 

Sources of 
Con tam inan t in 
Dr ink ing Wate r 

Added to water during 
sewage/wastewater 
treatment 

9 chlor zero 0.002 
Eye, liver, kidney or spleen 
problems; anemia; increased 
risk of cancer 

Runoff from herbicide 
used on row crops 
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Atrazine 0.003 0.003 
Cardiovascular system or 
reproductive problems 

Runoff from herbicidei 
used on row crops 

Benzene zero 0.005 
Anemia; decrease in blood 
platelets; increased risk of 
cancer 

Discharge from 
factories; leaching 
from gas storage 
tanks and landfills 

Benzo(a)pyrene (PAHs) zero 0.0002 
Reproductive difficulties; 
increased risk of cancer 

Leaching from linings 
of water storage tanks 
and distribution lines 

Carbofuran 0.04 0.04 
Problems with blood, nervous Leaching of soil 
system, or reproductive system fumigant used on rice 

and alfalfa 

Carbon 
tetrachloride 

zero 0.005 
Liver problems; increased risk 
of cancer 

Discharge from 
chemical plants and 
other industrial 
activities 

Chlordane zero 0.002 
Liver or nervous system 
problems; increased risk of 
cancer 

Residue of banned 
termiticide 

Chlorobenzene 

l ,2-Dibromo-3-
chloropropane (DBCP) 

0.1 0.1 
Liver or kidney problems Discharge from 

chemical and 
agricultural chemical 
factories 

2,4-D 

Dalapon 

0.07 

0.2 

0.07 

0.2 

Kidney, liver, or adrenal gland 
problems 

Minor kidney changes 

Runoff from herbicide , 
used on row crops 

Runoff from herbicide 
used on rights of way 

zero 0.0002 
Reproductive difficulties; 
increased risk of cancer 

Runoff/leaching from 
soil fumigant used on 
soybeans, cotton, 
pineapples, and 
orchards 

o-Dlchlorobenzene 0.6 0.6 
Liver, kidney, or circulatory 
system problems 

Discharge from 
industrial chemical 
factories 
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30 ug/L 
as of 

12/08/03 

Notes 

^Definit ions: 
Maximum Contaminant Level (MCL) - The highest level of a contaminant that is allowed in drinking water. 
MCLs are set as close to MCLGs as feasible using the best available treatment technology and taking cost into 
consideration. MCLs are enforceable standards. 
Maximum Contaminant Level Goal (MCLG) - The level of a contaminant in drinking water below which there is 
no known or expected risk to health. MCLGs allow for a margin of safety and are non-enforceable public 
health goals. 
Maximum Residual Disinfectant Level (MRDL) - The highest level of a disinfectant allowed in drinking water. 
There is convincing evidence that addition of a disinfectant is necessary for control of microbial contaminants. 
lyiaximum Residual Disinfectant Level Goal (MRDLG) - The level of a drinking water disinfectant below which 
there is no known or expected risk to health. MRDLGs do not reflect the benefits o f the use of disinfectants to 
control microbial contaminants. 
Treatment Technigue - A required process intended to reduce the level of a contaminant in drinking water. 

.̂ Units are in milligrams per liter (mg/L) unless otherwise noted. Milligrams per liter are equivalent to parts 
per million. 

tA's surface water treatment rules require systems using surface water or ground water under the direct 
ence of surface water to (1) disinfect their water, and (2) filter their water or meet criteria for avoiding 

filtration so that the following contaminants are controlled at the following levels: 

• Cryptosporidium: (as o f l / 1 / 02 for systems serving > 10,000 and 1/14/05 for systems serving 
< 10,000) 99% removal. 

• Giardia lamblia: 99.9% removal/inactivation 
• Viruses: 99.99% removal/inactivation 
• Legionella: No limit, but EPA believes that if Giardia and viruses are removed/inactivated, Legionella 

will also be controlled. 
• Turbidity: At no time can turbidity (cloudiness of water) go above 5 nephelolometric turbidity units 

(NTU); systems that filter must ensure that the turbidity go no higher than 1 NTU (0.5 NTU for 
conventional or direct filtration) in at least 95% of the daily samples in any month. As; of January 1, 
2002, turbidity may never exceed 1 NTU, and must not exceed 0.3 NTU in 95% of daily samples in any 
month. 

• HPC: No more than 500 bacterial colonies per milliliter. 
• Long Term 1 Enhanced Surface Water Treatment (Effective Date: January 14, 2005); Surface water 

systems or (GWUDI) systenis serving fewer than 10,000 people must comply with the applicable Long 
Term 1 Enhanced Surface Water Treatment Rule provisions (e.g. turbidity standards, individual filter 
monitoring, Cryptosporidium removal requirements, updated watershed control requirements for 
unfiltered systems). 

• Long Term 2 Enhanced Surface Water Treatment Rule (Effective Date: January 4, 2006) - Surface 
water systems or GWUDI systems must comply with the additional treatment for Cryptosporidium 
specified in this rule based on their Cryptosporidium bin classification calculated after the completion of 
source water monitoring. 

• Filter Backwash Recycling; The Filter Backwash Recycling Rule requires systems that recycle to return 
specific recycle flows through all processes of the system's existing conventional or direct filtration 
system or at an alternate location approved by the state. 

"* more than 5.0% samples total coliform-positive in a month. (For water systems that collect fewer than 40 
routine samples per month, no more than one sample can be total coliform-positive per month.) Every sample 
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that has total coliform must be analyzed for either fecal coliforms or E. coli if two consecutive TC-positive 
samples, and one is also positive for E.coli fecal coliforms, system has an acute MCL violation. 

^ Fecal coliform and E. coli are bacteria whose presence indicates that the water may be contaminated with 
human or animal wastes. Disease-causing microbes (pathogens) in these wastes can cause diarrhea, cramps, 
nausea, headaches, or other symptoms. These pathogens may pose a special health risk for infants, young 
children, and people with severely compromised immune systems. 

^ Although there is no collective MCLG for this contaminant group, there are individual MCLGs for some o f the 
individual contaminants: 

• Trihalomethanes: bromodichloromethane (zero); bromoform (zero); dibromochloromethane (0.06 
mg/L): chloroform (0.07mg/L). 

• Haloacetic acids: dichloroacetic acid (zero); trichloroacetic acid (0.02 mg/L); monochloroacetic acid 
(0.07 mg/L). Bromoacetic acid and dibromoacetic acid are regulated with this group but have no 
MCLGs. 

'' The MCL values are the same in the Stage 2 DBPR as they were in the Stage 1 DBPR, but compliance with 
the MCL is based on different calculations. Under Stage 1, compliance is based on a running annual average 
(RAA). Under Stage 2, compliance is based on a locational running annual average (LRAA), where the annual 
average at each sampling location in the distribution system is used to determine compliance with the MCLs. 
The LRAA requirement will become effective April 1 , 2012 for systems on schedule 1, October 1, 2012 for 
systems on schedule 2, and October 1, 2013 for all remaining systems. 

^ Lead and copper are regulated by a Treatment Technique that requires systems to control the corrosiveness 
of their water. If more than 10% of tap water samples exceed the action level, water systems must take 
additional steps. For copper, the action level is 1.3 mg/L, and for lead is 0.015 mg/L. 

^ Each water system must certify, in writ ing, to the state (using third-party or manufacturer's certification) 
that when acrylamide and epichlorohydrin are used in drinking water systems, the combination (or product) of 
dose and monomer level does not exceed the levels specified, as follows: 

" Acrylamide = 0.05% dosed at 1 mg/L (or equivalent) 
•• Epichlorohydrin = 0 . 0 1 % dosed at 20 mg/L (or equivalent) 

Nat iona l Secondary Dr ink ing Wa te r Regu la t ions 

National Secondary Drinking Water Regulations (NSDWRs or secondary standards) are non-enforceable 
guidelines regulating contaminants that may cause cosmetic effects (such as skin or tooth discoloration) or 
aesthetic effects (such as taste, odor, or color) in drinking water. EPA recommends secondary standards to 
water systems but does not require systems to comply. However, states may choose to adopt them as 
enforceable standards. 

• National Secondary Drinking Water Regulations - The complete regulations regarding these 
contaminants available from the Code of Federal Regulations Web Site. 

• For niore information, read Secondary Drinking Water Regulations: Guidance for Nuisance Chemicals. 

List of National Secondary Drinking Water Regulations 
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Con tam inan t 

Aluminum 

Secondary S tandard 

0.05 to 0.2 mg/L 

Chloride 

Color 

Copper 

Corrosivity 

Fluoride 

Foaming Agents 

Iron 

Manganese 

Odor 

pH 

Silver 

Sulfate 

Total Dissolved Solids 

Zinc 

250 mg/L 

15 (color units) 

1.0 mg/L 

noncorrosive 

2.0 mg/L 

0.5 mg/L 

0.3 mg/L 

0.05 mg/L 

3 threshold odor number 

6.5-8.5 

0.10 mg/L 

250 mg/L 

500 mg/L 

5 mg/L 

Unregu la ted Con tam inan ts 

This list of contaminants which, at the t ime of publication, are not subject to any proposed or promulgated 
national primary drinking water regulation (NPDWR), are known or anticipated to occur in public water 
systems, and may require regulations under SDWA. For more information check out the list, or vist the 
Drinking Water Contaminant Candidate List (CCL) web site. 

• Drinking Water Contaminant Candidate List 2 
• Drinking Water Contaminant Candidate List (CCL) Web Site 
• Unregulated Contaminant Monitoring Program (UCM) 
• I n f o r m a t i o n on speci f ic un regu la ted c o n t a m i n a n t s 

• MTBE (methyl-t-butyl ether) in drinking water 

httn: //www. ena. 20 v/saf ewater/contaminants/index .html 6/10/2008 
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BUREAU OF LAND MANAGEMENT 

LAND STATUS LEGEND 

Public Lands (Administered By 
Bureau of Land Management) . 

Oregon & California Lands (O&C Lands) i 1 
Coos Bay Wagon Road (CBWR) . . . . |NONE| 

National Forest. . . 

National Grasslands NONE 
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3f0000m £ Printed 1979 35°00' 

patented lands due to the lack of mformation 
available to BLM with respect to the nature of 
acquisition. Tracts less than 40 acres are usually 
omitted because of the map scale. Access through 
private lands may be restricted. The official land 
records in the respective offices of the Bureau of 
Land Management or other responsible Federal 
agencies should be checked for up-to-date status 
on any specific tract of land. Inadequacies in the 
BLM maps should be reported to the respective 
Bureau of Land Management offices from which 
the maps were obtained. 
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ROAD CLASSIFICATION 

Primary highway, hard surface „ = ^ _ . . = ^ 

Secondary highway, hard surface 

LightKluty road, hard or improved surface 

Street or other road 

Trail 

( ) Interstate route ) ( U.S. route ( ) State route 
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1978 
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